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THE DIFFERENTIATION AND SIGNIFICANCE 
CERTAIN OPHTHALMOSCOPIC PICTURES 
IN HYPERTENSIVE DISEASES * 


ARTHUR M. FISHBERG, M.D 
AND 
OPPENHEIMER, M.D 


N \ YORK 


In the great attention that has been devoted in recent years 
hypertensive and renal diseases, ophthalmoscopic studies have not been 
neglected. Especially noteworthy in this regard are the investigations « 
Wagener and Keith and their co-workers* on the retinal changes 
what they term malignant hypertension, of Moore* and O’Hare and 
Walker * on arteriosclerosis of the retina and of Volhard * on the patho 
genesis of the retinal process. In the present communication, we shall 
report the results of studies on the correlation of the ophthalmoscopi: 
observations with the individual renal and hypertensive diseases. 

The material comprises studies of the patients with arterial hyper- 
tension and the nonhypertensive forms of “Bright’s disease” admitted 


11 


to Mount Sinai Hospital during 1928 and 1929. All cases were discarded 


in which the diagnosis did not seem clear clinically or was not checked 


at necropsy, as well as those instances in which adequate | 
scopic studies were not made. There remained 274 cases, on which the 
figures given in this paper are based. Thirty-nine of the cases were also 


1 


studied at necropsy. In addition, we have utilized a number of 
observed in Mount Sinai Hospital 
from Montefiore Hospital; these, | 
the statistics. 
* Submitted for public: 
* From the Medical Services of 
1. Wagener, H. P.: Tr. Am 
M.; Wagener, Henry P., and Kernohar 
Hypertension, Arch. Int. Med. 41:14] 
2. Moore: Quart. J. Med. 10:29 
idon, J. & A. Churchill, 1925 
3. O’Hare, J. P., and Walker, W. G 
343 (March) 1924. 
4. Volhard: Verhandl. d. deutsch. Gesell 
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The subject matter will be considered under two general headings: 

1. The three fundamental retinal lesions in hypertension. 

2. The ophthalmoscopic observations in the individual hypertensive and renal 
diseases. 

THE THREE FUNDAMENTAL RETINAL LESIONS IN 
HYPERTENSION 

In the older literature, as well as in many recent publications, Lieb- 
reich’s ° term “albuminuric retinitis” is used as a generic designation for 
all the lesions of the retina, except for those due to closure of large ves- 
sels, that occur in patients with renal disease. However, in 1916, Moore * 
clearly differentiated the ophthalmoscopic picture produced by retinal 
arteriosclerosis from that which he termed “renal retinitis.” More 
recently, he stated: 

I believe the general feeling of ophthalmic surgeons is that a fundus which 
shows numerous cotton wool patches, with edema and perhaps a retinal detach- 
ment, implies, not a different stage of disease, but a disease of a different type 
than that which is implied by a fundus showing marked vascular change, with 
numerous flame-shaped hemorrhages, little edema, a star figure composed of 
discrete dots, and no cotton wool patches. It will, however, be agreed that there 
are many intermediate cases which it is impossible to classify along these lines. 

Moore does not attempt to correlate these different retinal lesions 
with individual types of renal disease. On the other hand, Keith, 
\Vagener and Kernohan, on the basis of extensive investigations, believe 
that they can often differentiate the retinal lesions in the severe cases 
of essential hypertension which they term malignant hypertension from 
those which occur in glomerulonephritis. They found the following: 

In malignant hypertension the edema of the retina is less extensive and less 
dense, and there is little tendency to the formation of peripapillary snow-bank 
exudates. The hyperemia of the disk is in marked contrast to the anemia of the 
disk and the retina that is seen in the retinitis of nephritis. Sclerosis of the retinal 
arterioles is always present in malignant hypertension and is usually absent in 
chronic nephritis. 


As a result of the investigation of the material reported in this paper, 
we have come to the conclusion that the traditional unitary conception 


, 


of “albuminuric retinitis” should be discarded ; it is of great diagnostic 
and prognostic importance to differentiate three ophthalmoscopic pic- 
tures that may appear in patients suffering with diseases characterized 
by arterial hypertension: 1. Retinal arteriosclerosis and arteriosclerotic 
retinopathy. 2. Malignant hypertensive neuroretinitis. 3. Choked disk 
due to increased intracranial pressure. 


5. Liebreich: Arch. f. Ophth. 5:265, 1859. 
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RETINAL ARTERIOSCLEROSIS AND ARTERIOSCLEROTI( RETINOPATH 


In this group the changes in the fundus are the result of retinal 





arteriosclerosis. The retinal arteries show the characteristics of mort 
: or less marked arteriosclerosis, namely, irregularity of lumen, so-called 
arteriovenous compression, irregular light reflex, copper-colored appe 


ance, white lines accompanying the blood columns (“perivasculitis” ), et 
Generally, some constriction of the arteries, particularly of the smaller 
: branches, can be made out, but this is, as a rule, not nearly as marke 
as in malignant hypertensive neuroretinitis. Increased tortuosity 

a brilliant light reflex are often also considered as signs of arterioscler: 
sis, but their significance is difficult to evaluate. It should be 
out that “arteriovenous compression,’ which is generally not a 
compression but displacement of the vein by the arter 


it into deeper portions of the retina, is not necessarily a sign of re 





F arteriosclerosis but may be present in marked form merely as a1 
festation of hypertension. This is proved by the fact that it is some 
times observed in cases of acute glomerulonephritis and hypertensi 
toxemia of pregnancy before there is time for the development of sclet 
sis. Possibly, the mechanism in such cases is that the artery with high 
F blood pressure is more rigid than the normal vessel, much as a rubl 
tube becomes more rigid if fluid is forced through it under high pres 
sure. In other cases, however, the venous compression is a direct cons« 
‘ quence of the arteriosclerosis, for Friedenwald ** found “actual encroacl 
ment of the thickened arterial and venous walls upon the common space 
within the common arteriovenous fibrous coat at the point of crossing 
. Evidences of retinal phlebosclerosis may also be present, and the veins 
; may be distended, particularly if there is cardiac insufficiency. 
% The disk shows no abnormalities in most instances; in others, there 
is slight haziness of the outlines. In far advanced cases, ther: ‘ 
atrophic changes. The absence of papilledema is the most important 
criterion for differentiation from malignant hypertensive neuroretinitis 
4 The retina may not be demonstrably altered despite marked arterio- 
3 sclerosis, or the changes may be extensive. Hemorrhages are oftet 
: present. They may be single or multiple, large or small, superficial or 
deep, with or without relation to the larger vessels. White spot 
(“exudates”) ® may be absent or present either in small numbers or 
' a 
5a. Friedenwald: The Pathology of the Eye, New York, The Macmill 
Company, 1929, p. 170 . 
6. The almost universal use of t vord “exudate s a general term f 
: white and yellowish areas in the fundus in hypertensive diseases is unfortunate 
Such areas are most often not manifestations of exudation, but result from deger 
; erative or proliferative processes 
i 
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profusely. Most often, the individual opacities are of small size; when 
such small spots are numerous, they give the “powdery” appearance. 
In other cases, they are large. When large, they often appear shiny, 
and their outlines are sharply delimited from the adjacent retina 
(“hard”), thus differentiating them from the “cotton-wool” patches 
found in malignant hypertensive neuroretinitis. The lesions may be 
white, yellowish or ivory-colored. Rather exceptionally, the spots may 
form a stellate figure around the macula or mav have an irregular 
circinate arrangement in this region. Evidences of choroidal sclerosis 
with pigment changes are often present. 

While retinal arteriosclerosis, as far as we have observed, is always 
bilateral, though often of greatly different intensity in the two eyes, 
the changes in the retina are not uncommonly unilateral for a long time. 
The picture may change strikingly from time to time. This is most 
often due to hemorrhages appearing or clearing up. But the white spots 
may also come and go; in a recent case they disappeared completely on 
two occasions. 

As mentioned, this retinal picture is to be regarded as due to arterio- 
sclerosis of the retinal arteries. When well marked, it is found only 
where hypertension has existed for a considerable time,’ and almost 
always other evidences of marked arteriosclerosis can be found in the 
larger vessels of one region or another (extremities, aorta, coronaries, 
cerebral arteries, etc.). The large majority of cases in which the pic- 
ture occurs are those of essential hypertension. But we have also seen 
a considerable number of examples in glomerulonephritis of many years’ 
duration. We have also observed the typical picture in a patient with 
hypertension due to amyloid contracted kidney. Particularly exquisite 
examples of the arteriosclerotic fundus are to be found in patients 
suffering from both diabetes and essential hypertension: the condition 
in these cases constitutes the so-called diabetic retinitis. .\ccording to 


7. In accordance with the observations of O’Hare and Walker,* we have found 
that marked retinal arteriosclerosis is practically pathognomonic of hypertension, 
either manifest or preexistent. In those cases in which we have noted marked 
retinal arteriosclerosis in the presence of normal blood pressure, there was cardiac 
enlargement or other evidence that hypertension had previously existed: as a rule, 
the disappearance of the hypertension was due to coronary artery disease. Ina 
series of fifteen old patients who had marked arteriosclerosis of the radial and other 
large accessible arteries (“senile” arteriosclerosis) without any evidences that hyper- 
tension had ever been present, signs of retinal arteriosclerosis were either absent or 
but slight. The most frequent change in the retinal arteries of these patients was 
moderate thinning of the blood columns. The opportunity of examining some of 
these arteriosclerotic patients without evidence of hypertension, past or present, was 
given to us by Dr. Frederick ID) Zeman and Dr. Robert K. Lambert. 
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the description given by Duckworth,® gouty retinitis (with which we 
have no personal experience) is apparently of this type, for he described 
hemorrhages as the outstanding feature in the presence of “small” 
arteries and the absence of optic neuritis 

The significance of arteriosclerotic retinopathy, severe though th 
changes in the retina may be, is purely that of arteriosclerosis. It does 
not necessarily indicate, as does malignant hypertensive neuroretinitis 
that renal insufficiency either is present or threatens almost inevitabh 
The large majority of our patients with arteriosclerotic retinopathy wh« 
have died—they may live for many vears with these retinal chan; 





have not succumbed to renal insufficiency but to cardiac failure, coronary 


closures, cerebral vascular disease, etc. When renal insufficiency does 


oib edie, 


appear in patients with arteriosclerotic fundi, it tends to be less rapi 


progressive than in those with malignant hypertensive neuroretinitis 


MALIGNANT HYPERTENSIVI NEURORETINITIS 





i 

4 This variety of retinal change is of much more ominous prognosti 
significance than the arteriosclerotic retinal lesions just described. It 
is characterized by the presence, generally though not invariably fron 
the onset, of papilledema in addition to the retinal lesions. In view ot 
this fact and the serious prognostic significance, it may be termed malig 
nant hypertensive neuroretinitis. 

As a rule, the appearance of papilledema is the first change in tl 

fundus (apart from the usually antecedent constriction of the arteries 

i though most cases are first observed when retinal lesions are also pres 

} 


ent. In several instances that we have seen, the presence, alone ot 
dominantly, of papilledema led to the suspicion of tumor of the brait 
In most of our cases, the elevation of the disk was not notable 

i Keith, Wagener and Kernohan, and Larsson” described an el 

: of as much as 6 diopters. Asa rule, the presence of peripapillary eden 


and the consequent absence of abrupt transition make estimation of tl 





i elevation difficult or impossible. (Larsson carried out his measuret 
a with the Gullstrand ophthalmoscope, which we have not used.) Ir 
instances of essential hypertension with papilledema, the disk is 
dened, but if there is also marked anemia, which occurs most 
glomerulonephritis, but also in the terminal uremia of essenti 
tension, the disk may be very pale. In unusual s of 
i atrophy of the nerve finally superven« 


8. Duckworth: <A Treatise on Gout, Philadel; P. Blakiston’s S 
Company, 1889, p. 94 
9. Larsson, S. W.: Acta ophth. 1:193, 1924 








i 








# 


*3 


= 


“*5 


Seperate of: 


BAC mae Sere on emerge Pea ee 
Le SET OR wc EEE gE 


uk * 


32 


Se to ean mess SORES, SS 


bisiinisisbili Utiiheneha ccdiniettaee nse ae SPS 


A IS 





a a 


Da, Sea Es" 


i, 
5 





906 ARCHIVES OF INTERNAL MEDICINE 


In some instances, well marked changes (exudate and hemorrhages ) 
may appear in the retina before the papilledema. These cases are rather 
exceptional, and the papilledema is generally not long in making its 
appearance. 

In the retina, hemorrhages are generally, though not always, present ; 
they are of various sizes and shapes and may be either deep or super- 
ficial. White spots are usually also present. Contrary to those found 
in the arteriosclerotic retina, these opacities are most often of the soft, 
indistinctly bordered type often described as “‘cotton-wool.” They may 
be very large and numerous and may merge so as to form an extensive 
peripapillary ring or cover practically the entire central retina. “Hard,” 
sharply delimited opacities, the type seen in the arteriosclerotic retina, 
are often also present and in prolonged cases tend largely to replace 
the cotton-wool areas. A stellate figure may be formed about the 
macula. 

The arterial blood columns are narrowed, generally to a striking and 
sometimes to an extreme degree. The degree of narrowing of different 
vessels varies in many instances. The narrowing of the arterial blood 
columns is, as far as we have observed, the first change in the ophthalmo- 
scopic picture that later develops the features just described. However, 
marked narrowing of the retinal arteries may exist in hypertensive 
patients for long periods, as we have repeatedly observed, without the 
appearance of changes in the disk or the retina. There can be no doubt 
that the narrowing of the arterial blood columns is the result of func- 
tional vasoconstriction of the musculature of the retinal arteries, for it 
may appear early in the course of acute glomerulonephritis or the hyper- 
tensive toxemia of pregnancy before there is any opportunity for 
narrowing of the lumen by a proliferative process. 

Arteriosclerosis of the retinal arteries may or may not accompany 
this form of retinal lesion. In long-standing cases of essential hyper- 
tension or chronic glomerulonephritis, evidences of arteriosclerosis are 
generally present and may be marked. On the other hand, if the retinal 
lesions occur in hypertension of relatively recent inception, as in the 
toxemia of pregnancy, the early stages of glomerulonephritis, or often 
in the malignant forms of essential hypertension in young persons, 
retinal arteriosclerosis is absent. The veins are generally distended, 
particularly when there is marked papilledema. 

Malignant hypertensive neuroretinitis occurs in glomerulonephritis 
and essential hypertension ; details of this occurrence and its significance 
are given in the following sections. It is present frequently in the 
hypertensive toxemia of pregnancy with or without eclampsia gravi- 
darum. It also may appear in lead poisoning with hypertension ; this 





Li BHI k 


may occur in the absence of renal involvement (QOliver,’’ De 
nitz?'). Finally, we’? have observed it in a case of hypertension du 
to suprarenal tumor in which the kidneys were healthy 


PATHOGENESIS 
In the efforts to clear up the pathogenesis of “‘albuminuric retinitis,” 

attempts have been made to correlate the retinal lesions with five dit 
ferent manifestations of Bright’s disease 

1. Rena! insufficiency. 

Retinal arteriosclerosis. 

Increased intracranial pressur¢ 
. Hypercholesterolemia. 

Arterial hypertension 


Renal Insufficiency—Most of the early investigators believed the 
retinal lesions to be a consequence of renal insufficiency, the resulting 
abnormalities in the composition of the blood causing the retinal changes 
Later, Widal, Morax and Weill?** attributed the retinal changes to 
retained products of protein metabolism, for they found nitrogen reten- 
tion in each of seventeen patients with retinal changes. However, this 
theory is entirely untenable, for retinal lesions of even extreme severity 
may occur in the presence of intact renal function; as Keith and his 
co-workers have emphasized, this occurs especially in essential hyperten- 
sion, but we have also seen it in glomerulonephritis. In fact, malignant 
hypertensive neuroretinitis may occur in the presence of ana 
tomically intact kidneys, as we observed in a case of hypertension result 
ing from suprarenal tumor. Because of the great theoretical importance: 
for the pathogenesis of neuroretinitis in hypertensive disease of this 
case, which we ** have reported in detail from another point of view, the 


salient features will be mentioned her« 


CASE 1.—A man, aged 24, was admitted to Mount Sinai Hospital on Jan. 11 


4 
1092 
1923 


He had suffered from dyspnea on exertion and palpitation for three months 
There were also precordial pain and a dry cough 

The patient breathed rapidly and with obvious effort. His heart was enlarge 
to the left and the right; a presystolic gallop rhythm was heard. The radial 
artery felt thickened; the blood pressure was 200 systolic and 150 diastolic. Pulsus 
alternans was present. There was no evidence of impairment of renal functi 
the specific gravity of the urine reached 1.025, and six days before death, t 

10. Oliver, in Allbutt’s System of Medicine, New York, The Macmillan Con 
pany, 1898, vol. 2, p. 973 

11. de Schweinitz Toxic Amblyopias, Philadelphia, lea Brothers & Compar 
1896, p. 126. 

12. Oppenheimer, B. S., and Fishberg, A. M.: Association of Hypertens 
with Suprarenal Tumors, Arch. Int. Med. 34:631 (Nov.) 1924. 

13. Widal, Morax and Weill: Ann. d’ocul. 143:354, 1910 














908 ARCHIVES OF INTERNAL MEDICINE 


urea nitrogen content of the blood was 11.9 mg. per hundred cubic centimeters. 
Albuminaria was generally, though not always, present while casts were seen 
only occasionally. 

The ophthalmoscopic observations were as follows: In the right eye the nerve 
head was red; its margins were indistinct. The veins were engorged, the arteries 
extremely narrow and in places lost. There was perivasculitis. The left eye 
was the same as the right eye, but there were numerous fine spots of degeneration 
between the nerve head and the macula and a few larger white areas near the 
nerve head. 

The symptomatology in the hospital was that of progressive myocardial insuf- 
ficiency. The patient was subsequently transferred to Montefiore Hospital, where 
he developed bronchopneumonia; he died on March 27, 

At necropsy the heart was found to be enormously hypertrophied and dilated 
(weight, 880 Gm.), the left ventricle being most affected. There were only slight 
changes in the kidneys. There was a hypernephroma of the right suprarenal 
gland and multiple adenomas of the left suprarenal gland. Further details of the 
clinical and anatomic observations will be found in our previous paper. 


A similar case has since been reported by Winkel."* 

On the other hand, renal insufficiency in glomerulonephritis, urinary 
obstruction and other conditions may be present for a long time and 
terminate in fatal uremia without retinal lesions. For these reasons, it 
seems clear that renal insufficiency in itself does not cause the retinal 
lesions. 

Retinal Arteriosclerosis—Von Michel ‘* and other earlier investi- 
gators considered “albuminuric retinitis’ to be due to retinal arterio- 
sclerosis. It is true that retinal arteriosclerosis does cause lesions of the 
retina, but this type, as we have seen, is to be differentiated from the 
type of retinal change considered in this section. In these cases, which 
we term malignant hypertensive neuroretinitis, retinal arteriosclerosis 
and its consequences may be present if there has been hypertension for a 
long time; in instances in which the hypertension is of brief duration, 
arteriosclerosis is absent. Anatomic demonstrations of this fact have 
been given by Schieck?® and others. That arteriosclerosis cannot be 
incriminated in the pathogenesis of the retinal process in acute glomerulo- 
nephritis or the toxemia of pregnancy is obvious. 

It will be pointed out that in all cases of malignant hypertensive 
retinitis in essential hypertension that we were able to study at necropsy, 
necrosis of the renal arterioles was present. Whether a similar necrotiz- 
ing process occurs in the retinal arterioles and contributes to the retinal 
mischief, we are unable to say. In a few sections of eyes in our cases 
that we have seen through the courtesy of Dr. I. Goldstein and Dr. D. 


14. Winkel, M.: Deutsches Arch. f. klin. Med. 159:1, 1928. 

15. von Michel: Ztschr. f. Augenh. 2:1, 1899. 

16. Schieck: Ber. ti. d. Versamml. d. 34 deutsch. ophth. Gesellsch. 1907, 
p. 77. 




















ia 





ee bn cook 


é 
§ 


FISHBERG-OPPENHEIMER—HYPERTENSIVE DISEASES 909 


Wexler, necrosis of the retinal or choroidal arterioles was not present. 
The question is being studied by Dr. Goldstein and Dr. Wexler, who 
will report their results. 

Endarteritic lesions of the retinal and choroidal arteries, characterized 
by endothelial proliferation, are often, though not always, present in 
malignant hypertensive neuroretinitis. But they are too incoristant t 
be regarded as the primary cause of the lesions, and it is possible that 
they are secondary to the retinal process. 

Increased Intracranial Pressure —Cushing and Bordley ™* described 
a remarkable case of chronic renal disease with severe retinal lesions in 
which the intracranial tension was so enormously increased that sub 
temporal decompression was carried out. Larsson® found increased 
intrathecal pressure in each of eleven patients with hypertensive neuro- 
retinitis, and expressed the belief that it may play a role in the patho 
genesis of the lesion. However, increase in the cerebrospinal tension is 
present in only some of the patients with hypertensive neuroretinitis ; in 
others, despite marked swelling of the disk and severe retinal lesions, as 
we have repeatedly observed, the intracranial tension is within normal 
limits and cannot be concerned in the pathogenesis of the retinal changes. 
However, there are instances of hypertensive disease in which edema of 
the brain does produce enormous increase in intracranial pressure and 
consequent choked disk; such cases form a class apart and will be con 
sidered in the subsequent material. 

Hypercholesterolemia.—Because cholesterol esters are present in 
large quantities in many of the white lesions of the retina and because 
of the occurrence of hypercholesterolemia in some varieties of renal 
disease, Chauffard ** advanced the hypothesis that hypercholesterolemia 
is the cause of the retinal lesions. However, this hypothesis is not oi 
general validity, for in the large majority of instances of essential hyper 
tension or chronic glomerulonephritis of many years’ standing with 
retinal lesions, hypercholesterolemia is absent. In chronic nephrosis in 


which hypercholesterolemia is generally marked, the retinal changes dé 


not occur. It is possible, however, that when retinal lesions occur in 
subacute or early chronic glomerulonephritis, the presence of hyper 
cholesterolemia may result in increased deposition of cholesterol in the 
retinal plaques. 

Arterial Hypertension —It was pointed out by Traube,’® in 1861, 
that retinal lesions occur only in those forms of renal disease in which 
there is hypertrophy of the left ventricle. All subsequent observations 


17. Cushing and Bordley: Am. J. M. Sc. 136:484, 1908. 


18. Chauffard; Font-Reaul and Laroche ( ipt. rend. Soc. de biol. 73:283 
101 > 
19. Traube: Gesammelte Beitrage 2:985, 1870 
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have borne out this observation. We have never seen an instance of 
so-called albuminuric retinitis in which there was not evidence of hyper- 
tension, past or present. Rarely, one encounters a patient with typical 
retinal changes in whom the blood pressure at the time of observation is 
not elevated. The instances of this variety that we have seen have been 
of two kinds: 1. The blood pressure has fallen in the terminal stages of 
uremia or as a result of disease of the coronary arteries. 2. In rare 
instances in children the retinal changes may occur with a relatively 
moderate hypertension, which is, in fact, proved to be hypertension only 
by the subsequent course of the case. Thus, in one such case in a child 
of 10 years, the blood pressure was only 124 systolic and 86 diastolic, 
but after recovery it was 95 systolic and 55 diastolic. 

Not only is hypertension present in every instance of “albuminuric 
retinitis,’ but invariably, as far as we are aware, it precedes the appear- 
ance of the retinal lesions. As yet unsolved, however, is the problem 
of the nature of the connection between arterial hypertension and the 


retinal process. Why is hypertension present in a maximal degree in 


many cases without affecting the retina, while in other cases it induces 
only arteriosclerotic changes in the retina, and in still others the malig- 
nant hypertensive neuroretinitis here under discussion? Volhard * 
advanced the theory that the retinal lesions are manifestations of 
ischemia of the retina produced by a spasm of the retinal arteries which 
is part of the widespread vasoconstriction that is present in arterial 
hypertension. Among the evidence in favor of this theory are the 
following facts: 


It was pointed out long ago by Gowers *° that in hypertension the 
arterial blood columns in the retina are often narrowed. This is par- 
ticularly marked, in fact often extreme, when malignant hypertensive 
neuroretinitis is present. 

A number of observers (Elschnig,?! Wagenmann,”* Labadie-Lagrave 
and Laubry ** and others) have observed spasms of the retinal arteries 
in hypertensive states. Recently, Haselhorst and Mylius** not only 
observed but photographed cramplike and rapidly changing contractions 
of the retinal arteries in a patient with eclampsia gravidarum. After 
two days the contractions became more constant and involved longer 
stretches of the arteries. At this time the first white degenerative 
lesions in the retina appeared. 

20. Gowers: Brit. M. J. 2:743, 1876 

21. Elschnig: Wien. med. Wehnschr. 48:1305, 1898. 

22. Wagenmann: Arch. f. Ophth, 43:219, 1897. 

23. Labadie-Lagrave and Laubry: Tribuna méd. 38:437, 1906. 

24. Haselhorst, G., and Mylius, K.: Zentralbl. f. Gynak. 52:1180, 1928. 





FISHBERG-OPPENHEIMER—HYPERTI IVE DISEASES 


Ophthalmoscopic pictures similar to that of “albuminuric retinitis,” 


even including the stellate figure about the macula, have been observed 


in the anemia of chlorosis, with improvement after disappearance of th 


anemia (de Schweinitz,*> Augstein *°). 

As a result of the circulatory disturbance in the retina produced by 
increased intracranial tension (e. g., in tumors of the brain with choked 
disk), changes may appear in the retina indistinguishable from those of 
malignant hypertensive neuroretinitis. 

In view of these facts, it would seem that Volhard’s theory that 
“albuminuric retinitis” is due to ischemia of the retina resulting from 
spastic contraction of the retinal arteries is deserving of serious con- 
sideration, although it cannot by any means be considered as established 


CHOKED DISK DUE TO EDEMA OF THE BRAIN 

In hypertensive states, as a result of circulatory disturbances in the 
brain correlated with the hypertension (Oppenheimer and Fishberg *'), 
edema of the brain may develop, with a resultant increase in intracranial 
pressure. The manifestations of increased intracranial pressure—head 
ache, nausea, vomiting, convulsions, choked disk, high pressure of the 
cerebrospinal fluid, etc—may so dominate the clinical picture that 
diagnosis of tumor of the brain is made, as has occurred several times in 
our experience. 

Cases of choked disk due to edema of the brain in hypertensive states 
have been described by Cushing and Bordley,’* Volhard,* Blackfan and 
Hamilton ** and others. We have seen several such cases. They occur 
in glomerulonephritis, the hypertensive toxemia of pregnancy (eclampsia 
gravidarum) and, judging by the literature, lead encephalopathy. We 
have not encountered this syndrome in essential hypertension. As 
previously mentioned, the choked disk may be accompanied by changes 
in the retina appearing identical with those of malignant hypertensiv: 
neuroretinitis. 


OPHTHALMOSCOPIC OBSERVATIONS IN THE INDIVIDUAI 
HYPERTENSIVE AND RENAL DISEASES 
THE FUNDUS IN GLOMERULONEPHRITIS 
The cases of glomerulonephritis are considered in two groups, on 
including the acute and subacute cases, and the other chronic glomerulo- 


; 


25. de Schweinitz: Diseases of the Eye, ed. 10, Philadelphia, W. B 
Company, 1910, p. 499. 

26. Augstein: Klin. Monatsbl. f. Augenh. 63:174, 1919 

27. Oppenheimer, B. S., and Fishberg, A. M.: Hypertensive Encephalopat! 
Arch. Int. Med. 41:264 (Feb.) 1928. 

28. Blackfan, K. D., and Hamilton, B Boston M. & S. J. 198:617, 1925 
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nephritis. Any dividing line between the two groups is of necessity 
purely arbitrary. We have included in the class of acute and subacute 
glomerulonephritis the cases of five months’ or less duration when the 
patient is first admitted to the hospital. This time was chosen, because 
when glomerulonephritis has lasted half a year or more, the chances of 


complete recovery are rather small, and the term “chronic glomerulo- 


nephritis” conveys the notion of little likelihood of restitutio ad integrum. 


ACUTI {IND SUBACUTE LOMERULONEPHRITIS 

There were twenty-seven cases of this variety, in twenty-one of 
which arterial hypertension was demonstrated during the stay in the 
hospital. Of the twenty-seven cases, severe ophthalmoscopic changes 
were present in only two. In one of these the picture was typical of 
malignant hypertensive neuroretinitis, and the patient, a boy aged 14, 
died within two months of the appearance of the retinal lesions. The 
other patient was a child, aged 10, with glomerulonephritis, who 
developed papilledema with an elevation of 1.5 diopters and flame- 
shaped hemorrhages in the retina; the process was evidently of the 
nature of a beginning choked disk due to increased intracranial pressure, 
for it was accompanied by the Babinski sign and other evidences of 
cerebral implication. In eight other cases of acute and subacute 
glomerulonephritis, there were slight ophthalmoscopic abnormalities, 
either haziness of the papilla or constriction of the arteries, or both. In 
one instance there was considerable diffuse edema of the retina. 

These observations are in accord with the general experience that 
severe changes in the fundus occur in only a small proportion of cases of 
recent glomerulonephritis. The small incidence of severe retinal lesions 
in acute glomerulonephritis is probably correlated with the fact that 
hypertension, the pathogenic factor underlying the retinal lesions, is 
marked and persistent in only a small part of the cases, though present 
at one time or another in the large majority of instances. Slight changes, 
notably narrowing of the arteries or haziness of the disk, are found ina 
considerable proportion of the cases, particularly if the fundus is 
examined repeatedly. They have no especial prognostic significance. 
The same is true of the occasional small hemorrhages that are found in 
the fundi; they may be present in the absence of notable hypertension 
and are apparently akin to the purpuric spots in the skin that are not 
uncommon in acute glomerulonephritis. 

It is important from prognostic and therapeutic points of view that 
the ophthalmoscopic picture of malignant hypertensive retinitis be dif- 
ferentiated from the choked disk that results from edema of the brain. 
The presence of the latter conveys no implication as to the.likelihood of 
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the appearance of renal insufficiency, and if the patient can be tided overt 
the acute cerebral episode, complete recovery often follows. On the 
other hand, the appearance of true malignant hypertensive neuroretinitis 
in acute glomerulonephritis is of ominous prognostic significance ; most 
such cases go on to renal insufficiency and uremia, though occasional! 


improvement and even recovery occur 


CHRONIC GLOMERUL( 
Fifty-five cases of glomerulonephritis of more than five months’ 


duration were studied. The large majority of the cases were of a dura- 


tion of a number of years; in most of these long-standing cases it was 
impossible to determine even approximately the time of onset. 

The direct correlation between arterial hypertension and retinal 
lesions in these fifty-five instances of chronic glomerulonephritis is 


immediately obvious from table 1 


TABI 
Number 
Cases with Number 
Diastolic Deaths 
Number Pressure While ir 
Cases Over 100 Mn Hospital 
Negative fundus ....... 24 7 5 
Retinal arteriosclerosis ..... : 8 8 0 
Arteriosclerotic retinopathy ........ 6 6 
Malignant hypertensive retinopathy.... 17 15* 


*The two patients with malignant hypertensive retinitis in whom the diast l 
pressure was under 100 mm. were admitted t the hospita hortly before deat! in botl 
instances, left ventricular hypertropl was found at 1 lemonstrating that t 

had existed. 


The fundus in chronic glomerulonephritis will be treated under tl 
following headings : 
Normal Fundus.—In twenty-four of the patients with chroni 


glomerulonephritis significant changes in the fundus were not observe: 


I his ¢ are i ~lud ] pveral inctar ss in thich narrowine t th, 
n this group are included several instances in which narrowing otf th 
arteries or haziness of the margins of the disks was noted, but wl 
progressed no further during the period of observation. As table 


shows, most of the patients with negative fundi had no hypertension 
while in the hospital, but in seven this was present, having been, in fact 
as high as 210 systolic and 150 diastolic in one instance. In most of tl 


patients with hypertension but negative fundi there was reason to belies 


that hypertension had not been present for a long time. It is true that 
in one of the patients who died at the age of 30 the renal disease har 
started twelve years previously, but we had no means of learning wl 





the blood pressure h 
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in the cases of chronic glomerulonephritis of the so-called nephrotic 
type, i. e., those cases in which the clinical picture is dominated by 
intense albuminuria and edema in the absence of more than slight hyper- 
tension, the fundus exhibits no change. In a high proportion of cases 
of chronic glomerulonephritis in children hypertension is long absent 
and so are retinal lesions. The same is true of subacute bacterial 
endocarditis which is often complicated, particularly in the bacteria-free 
stage, by glomerulonephritis. Finally, when chronic glomerulonephritis 
occurs in a tuberculous person, it is rarely marked by either hypertension 
or retinal lesions ; in one such case in the foregoing series, the glomerulo- 
nephritis was present for years and was finally terminated by death from 
uremia, but neither hypertension nor retinal lesions ever developed. 

Five of the patients suffering from chronic glomerulonephritis who 
had normal fundi died. Four of the deaths were from uremia, illustrat- 
ing the long known fact that glomerulonephritis can progress to renal 
insufficiency and fatal uremia without the development of retinal lesions. 
Ilowever, such cases are much outnumbered by those with retinal lesions 
(table 1). 


Retinal Arteriosclerosis and Arteriosclerotic Retinopathy.—In eight 
of the cases of chronic glomerulonephritis retinal arteriosclerosis was 
the only ophthalmoscopic observation, and in six others, the retinal 
arteriosclerosis was accompanied by the retinal changes which we 
described as arteriosclerotic retinopathy. Retinal arteriosclerosis and its 
consequences were also present in some of the patients who had malig- 
nant hypertensive retinitis, but these instances are considered with the 
latter change. In all instances of glomerulonephritis with retinal arterio- 
sclerosis, the renal disease had been present for some years, in several 
for many years. Moore mentioned a case in which retinal arteriosclerosis 
developed within a few months; no such instances were included in our 
cases, All of the patients with retinal arteriosclerosis had diastolic blood 
pressures of over 100 mm. (table 1). The ophthalmoscopic pictures 
were the same as those seen when retinal arteriosclerosis or arterio- 
sclerotic retinopathy occurs in essential hypertension. In the cases that 
came to necropsy, the glomerulonephritis was accompanied by arteriolo- 
sclerosis and usually by marked general arteriosclerosis ; as is the case in 
essential hypertension, the retinal arteriosclerosis is but one manifestation 
of the injury to the arteries, and particularly of the arterioles, wrought 
by long-standing hypertension. The following case illustrates arterio- 
sclerotic retinopathy occurring in chronic glomerulonephritis. 


Case 2.—A man, aged 38, was admitted to the hospital in a state of uremic 
coma. He had been ill with anasarca and suppression of urine at the age of 7 
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rs. Little was known of his intervening history except that he had suffe: 
from headaches for twelve weeks he lood pressure was 158 systolic ar ‘ 
liastolic 

Ophthalmoscopic examination revealed both nerve heads to be clear in out! 
though ewhz ] h globin. 45 per cent The arter 1ark 
though somewnat paie (hemogiooin, > yx cel ihe arteries were marke 


constricted and revealed the typical evidences of extreme arteriosclerosis descrit 


in the foregoing paragraphs. In both eyes there were recent small round hen 


rhages near the disk, as well as round atrophic areas representing absorbing 
ibsorbed hemorrhages. 

The patient died a week after admission, and at necropsy chronic glomer 
nephritis with marked secondary contraction was found; the process was obvi 


of many years’ standing 


Malignant Hypertensive Neuroretinitis—This retinal picture was 
found in seventeen of the patients. All of these patients gave evidence 
of either present or past hypertension (table 1). In most, the hype: 
tension was marked, averaging decidedly higher than in the other groups 
Fifteen of the seventeen patients had renal insufficiency with nitroge 
retention. Of the remaining two, one had good renal function, while 
the kidneys of the other were shown to be functionally impaired by the 
defective outcome of the concentration test though the blood chemistry 
was still normal (compensated stage of impaired renal function). Eleven 
of the seventeen patients died while in the hospital, and several of th 
1 


others were discharged in a condition in which it was evident that they 


would not long survive. All of the deaths were due to uremia. Thi 


1 
if 


ng known unfavorable prognosis in this variety of retinal change is 


thus substantiated in the present series. 


THE FUNDUS IN ESSENTIAL HYPERTENSION 


In this category we have included those of our patients with arterial 
hypertension in whom the elevation of blood pressure was not associated 
with glomerulonephritis or mechanical obstruction of the urinary pas- 
sages. There were 189 such cases. The ophthalmoscopic observations 


and certain other data are summarized in table 
Normal Fundus—In thirteen of the patients with essential hyper 
>] 


tension, ophthalmoscopic examination revealed no abnormalities. In 


several of these cases the hypertension was not severe and in three it was 
intermittent, evidently being in the initial phase of the disease. In none 
of these cases was renal function demonstrably impaired. Only one « 


1e patients with normal fundi died ; in this instance, cerebral hemorrhag: 


was the cause of death, and the kidnevs also revealed but slight arteriolo- 
: ; 
scierosis at necropsy. 
y y 14-4 naa an awk ar . £ +} o wae ] ] 
Contracted Ariterices—Marked narrowing o he arterial blood 


columns was observed in eleven of the patients. It should be mentioned 
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that contraction of the retinal arteries was present in all of the patients 
with malignant hypertensive neuroretinitis and in many of these with 
arteriosclerotic fundi, but here we include only those cases in which 
narrowing of the arterial blood columns was the sole abnormal feature. 
Of these patients, two had impairment of renal function, in both instances 
of the compensated variety with normal blood chemistry. None of the 
patients died while in the hospital. 

Retinal Arteriosclerosis and Arteriosclerotic Retinopathy.—Retinal 
arteriosclerosis in the absence of changes in the retina or nerve head 
was observed in 70 of the patients. In 58 other patients the retinal 
arteriosclerosis had produced changes in the retina; in many of the 
cases choroidal lesions were also cbserved. Furthermore, in 32 of the 
37 patients with malignant hypertensive neuroretinitis, retinal arterio- 


TaBLeE 2.—Essential Hypertension 


Renal Function 


Impaired 
Number Deathsin Unim- Com- Becom 
Ophthalmoscopic Observations Cases Hospital paired pensated pensatec 
Normal fundus : 3 1 13 0 
Contracted arteries 0 2 


g 
Retinal arteriosclerosis ¢ 57 11 
7 12 


Arteriosclerotic retinopathy ‘Kee 8 : 3 
Malignant hypertensive retinitis re : 3 ll 7 


sclerosis was also present. Thus, 160, or 84+ per cent, of our 189 
patients with essential hypertension had retinal arteriosclerosis. 
Prognostically, the presence of retinal arteriosclerosis or arterio- 
sclerotic retinopathy is of significance in that it indicates that the hyper- 
tension has probably been present for a considerable time. In accord 
with this, it is seen from table 2 that the mortality and incidence of 
impairment of renal function in the patients with retinal arteriosclerosis 
is much higher than in those without retinal changes. On the other 
hand, they are much lower than in those with malignant hypertensive 
neuroretinitis. Moreover, as will be discussed, the rate of impairment of 
renal function in these patients is much slower than that in those with 
neuroretinitis. Patients with essential hypertension and retinal arterio- 
sclerosis or arteriosclerotic retinopathy may get on well for many years. 
However, most of the patients with severe arteriosclerotic retinopathy 
have evidences of arteriosclerotic disease in other organs, most often the 
heart or the brain, and their outlook is rather poor. An exception is, 
however, often constituted by patients with both diabetes mellitus and 


essential hypertension; such patients may have marked arteriosclerotic 
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retinopathy (‘diabetic retinitis’) with hemorrhages and ar 
degeneration for years while leading tolerably useful lives. 

Malignant Hypertensive Neuroretinitis—This condition was present 
in thirty-seven of our patients. The long known serious prognosti 
implication of this type of retinal lesion is immediately obvious trom 
table 2; thirteen of the patients died of uremia while in the hospital 
and several more were removed in a precarious condition. In twenty-six 
of the patients, renal function was impaired. In nineteen of the twenty 
six the impairment of renal function had reached the decompensated 
stage as shown by the retention of nitrogen in the blood. In accordance: 
with the observations of Keith and his co-workers, malignant hyper 
tensive neuroretinitis may appear in a patient with essential hypertension 
while renal function is not demonstrably impaired, and this adequate 
functional state of the kidney may persist for a considerable time, 
exceptionally even for years. However, more often such patients soon 
show evidence of functional impairment of the kidneys. The progress 
of the impairment of renal function in the presence of malignant 
hypertensive neuroretinitis is generally much more rapid than in patients 
with only arteriosclerotic changes in the fundus. 

The reason for the rapid progress of impairment of renal function in 
most cases of essential hypertension with malignant hypertensive neuro- 
retinitis seems clear from the anatomic observations in those of our cases 
that came to necropsy. In all ten of the necropsies in cases in which 
the patients had had essential hypertension and malignant hypertensive 
neuroretinitis, necrosis of the arterioles in the kidney was found.*° 
In all instances the anatomic picture of the kidneys was that described 
by Fahr *° as “malignant sclerosis,” namely, necrosis, endarteritis and 


thrombosis of the renal arterioles, necroses and proliferative changes in 


the glomeruli, in addition to the arteriolosclerosis and glomerular 


hyalinization which are also found in the usual (“benign’’) case of 
essential hypertension. On the other hand, necrosis of the renal 
arterioles was not present in any of the eleven cases of essential hyper- 
tension without malignant hypertensive neuroretinitis in which th 
patients came to necropsy. 


nan 


As far as our material is concerned, then, the presence of malig 
hypertensive neuroretinitis in essential hypertension is diagnostic of the 
occurrence of necrosis of the renal arterioles. We suspect, however, 
that the retinal changes may precede the actual appearance of arteriolar 
necrosis in the kidneys, for the following reasons: In several of the 
29. The anatomic studies were made by Dr. Paul Klemperer 
30. Fahr, in Henke and Lubarsch: Handbuch der speziellen pathologischen 
1925, vol. 6, p. 405 
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cases, the retinal changes had been present for many months before 
death. From the appearance of the necrotic lesions in the renal arterioles, 
however, one is led to the belief, although not the certainty, that they are 
of relatively recent inception. Moreover, in some of the cases the retinal 
lesions appeared while renal function was good and the urine exhibited 
only a faint trace of albumin and no blood. It scarcely seems probable 
that widespread necrosis of the renal arterioles with its inevitable conse- 
quences in the glomeruli should be present for any considerable time 
without manifesting itself in urinary changes. In several cases which 
later showed necrosis of the renal arterioles, we believed that we had 
detected the onset of arteriolar necrosis in the kidneys by the appearance 
of blood and larger quantities of albumin in the urine. Conceivably, then, 
a patient with essential hypertension and malignant hypertensive neuro- 


TABLE 3.—Age Incidence of Retinal Lesions in Essential Hypertension 

Malignant 

Retinal Arterio- Hypertensive 

Age, Normal Narrow Arterio- sclerotic Neuro- 

Years Fundus Arteries sclerosis tetinopathy retinitis 
0- 9. 0 0 0 0 1 
10-19. ; ‘ 0 0 0 0 l 
20-29. 1 0 1 0 2 
30-39 4 1 7 7 12 
40-49 i 7 18 15 14 
50-59. rere rt l 2 22 26 7 
60-69 ‘ l 1 18 ot) 0 
70-79 ; 0 0 4 l 0 


retinitis may sometimes succumb before necrosis of the renal arterioles 
has occurred, but we have not yet observed such a case. 

Malignant hypertensive neuroretinitis and the renal arteriolar necrosis 
it portends may appear at any stage of essential hypertension. In some 
of our cases, the patients had been known to suffer from essential 
hypertension for many years—in one instance more than twenty years— 
before a turn for the worse occurred and the neuroretinitis was dis- 
covered. However, in contradistinction to the arteriosclerotic retinal 
changes, neuroretinitis affects a decidedly higher proportion of the 
younger patients with essential hypertension than the older. This is 
shown in table 3. 

The higher incidence of malignant hypertensive neuroretinitis in the 
younger age groups of patients with essential hypertension corresponds 
to the well known fact that the clinical course in such persons tends to 
be much more severe and rapidly fatal than in older persons with high 
lood pressure. The anatomic basis for this severe course lies in the 
fact, pointed out in the foregoing paragraphs, that those patients with 
essential hypertension who have neuroretinitis develop necrosis of the 
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renal arterioles. ‘The necrosis of the renal arterioles with its attendant 
changes in the renal parenchyma results in severe and generally rapidly 
progressive renal insufficiency 

Parenthetically it may be remarked that while the presence of malig 
nant hypertensive neuroretinitis in a patient with essential hypertension 


indicates that necrosis « 


f the renal arterioles is either present or will 
appear, it does not have this significance in glomerulonephritis. In fact 
we had not observed arteriolar necrosis in chronic glomerulonephritis 
although it does occur in the acute and subacute stages of the diseas« 
until Dr. Paul Klemperer recently showed us this change in such a cas¢ 


Even in this instance, only isolated arterioles were affected 


THE FUNDUS IN AMYLOID KIDNEY 
In the vast majority of instances of amyloid disease of the kidne} 
there are no retinal changes. The reason is, of course, that arteria 
hypertension is rare in amyloid kidney. However, there are cases oi 
renal amyloidosis with hypertension, and in extremely rare instances this 
results in retinal lesions. Dickinson *? mentioned such a case, and Litten 
observed two instances of typical “Bright’sche Retinitis” in severa 
hundred cases of amyloid disease. In their recent paper on amyloid 
contracted kidney, Noble and Major ** mentioned in a table that 
albuminuric retinitis was present in one case. In our series, there was a 
case of amyloid contracted kidney with arteriosclerotic retinopathy. As 
such cases are apparently great rarities, the principal features will b 
summarized briefly. 


int Sinai Hospital « 


est and left shoulder 


Case 3.—M. C., a man, aged 37, was admitted to M 
Nov. 14, 1929, complaining of pain in the left side of the c 
and vomiting 

Since the age of 5 years he had suffered from tuberculosis of the left hip, 
sinus persisting despite three operations. He had had nocturia (up to six time 
a night) as far back as he could remember. For three years previous to ad 
sion to the hospital he had suffered from headaches; sometimes these wet 


accompanied by nausea and vomiting, which had become much more frequet 


\bout six weeks before admission he began to suffer from pain in the left shoul 
der and precordial region which radiated down the left arm to the finger tiy 
\t first this pain appeared only after walking or other exercise, but short! 
before admission it also manifested itself when he was at rest, especially at night 
At the time of admission to the hospital the patient was emaciated. There wa 
a diffuse brownish pigmentation of the skin, probably largely the result of trea 


31. Dickinson: Treatise on Albuminuria, ed. 2, New York, William W 
Company, 1881, p. 190 





32. Litten, in Zuelzer and Oberlaender: Klinische Handbuch der Hart 
Geschlechtsorgane, Leipzig, F. C. W. Vogel, 1894, vol. 2, p. 131 

33. Noble, J. F., and Major, S. G Renal Insufficiency in Amyloid Dise 
Arch. Path. 8:762 (Nov 1929 
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ment with ultraviolet rays. In the region of the hip was a draining sinus. The 
heart was slightly enlarged to the left. The liver and spleen were not demon- 
strably enlarged. The blood pressure was as high as 196 systolic and 116 diastolic. 
[he urine contained a small quantity of albumin and a few casts. Study of renal 
function revealed it to be severely impaired; in a concentration test the specific 
gravity did not rise above 1.012, and the blood contained 70 mg. of urea nitrogen 
per hundred cubic centimeters. The Bennhold test with congo red showed 
that only 22 per cent of the dye remained in the blood stream at the end of an 
hour, instead of the normal of over 70 per cent; in the absence of great albumi- 
nuria, such a result is highly suggestive of the presence of amyloidosis. 

Opthalmoscopic examination revealed the presence of arteriosclerotic retino- 
pathy. The retinal arteries showed a moderate degree of arteriosclerosis. The 
disks appeared normal. Above, below and to the temporal side of the right disk 
were linear hemorrhages, in close relation to the vessels. About half way between 
the left disk and the macular region was a white area of degeneration, roughly 
triangular and sharply delimited. There were several minute white areas above 
the macula. In the right retina were two small hemorrhages. 

The condition of the patient rapidly became worse, and retention of urinary 
constituents in the blood became more severe (urea nitrogen, 224 mg. per hundred 
cubic centimeters). He died of uremia on December 19. 

At necropsy amyloid contracted kidneys obviously of long standing were found. 


SUMMARY 

1. In 274 cases of hypertensive and renal diseases the ophthalmoscopic 
observations have been studied in relation to the clinical picture; in 39 
of the cases, postmortem observations were also made. 

2. The concept of albuminuric retinitis includes three distinct patho- 
genetic entities, which can most often be differentiated with the 
ophthalmoscope: (a) arteriosclerotic retinopathy, (>) malignant hyper- 
tensive neuroretinitis and (c) choked disk due to increased intracranial 
tension from edema of the brain. 

3. The ophthalmoscopic characteristics of these three types of retinal 
changes are described, and their occurrence and prognostic significance 
in the individual types of hypertensive disease investigated. 

4. In all of the ten cases of essential hypertension with malignant 
hypertensive neuroretinitis in which the patients came to necropsy, 
necrosis of the renal arterioles was present. On the other hand, necrosis 
of the renal arterioles was absent in eleven instances of essential hyper- 
tension without malignant hypertensive neurotinitis that were studied at 
necropsy. 


5. Instances are described of malignant hypertensive neuroretinitis 


in a patient with arterial hypertension due to suprarenal tumor and of 


arteriosclerotic retinopathy accompanying hypertension resulting from 
amyloid contracted kidney. 





DOES CLIMATE AFFECT THE HUMAN CONCEPTION 
RATE? * 


MILLS, M.D. 
AND 
F. A. SENIOR 


CINCINNATI 


In an effort to ascertain the extent of climatic effects on the human 
organism in health and disease, we have studied its effect on such 
metabolic diseases as diabetes mellitus, pernicious anemia, exophthalmic 
goiter and Addison's disease. In these diseases there was found a dis- 
tinctly lowered death rate in the warmer regions that show, in general, 
a depression of the metabolic rate by the heat. The people of these 
regions possess relatively low blood pressures, and have distinctly less 
angina pectoris than is found in the cooler countries. 

Since the climatic effects mentioned are probably exerted mainly 
through the endocrine glands (pancreas, thyroid, suprarenals), it was 
deemed advisable to determine whether a similar depression was exer- 
cised on the sex glands. For this purpose the birth statistics of different 
cities, states and countries were obtained. The numbers of births in 
each month for a number of years were taken, the mean for each month 
obtained, and the twelve months equalized to a thirty-one day basis for 
comparison. Due attention was paid to February irregularities in this 
calculation. Also, where the population of the unit studied changed 
more than 1 per cent a year during the period covered by the statistics 
used, due correction was made for the effect of this increase or decrease 
on the monthly birth rate during the mean year. The corrected monthly 
births were then transposed to conception times by counting back nine 
months and ten days, and these “conceptions resulting in live births’’ 
were plotted as shown in the graphs. It is, of course, obvious that any 
climatic effect should be expected to be correlated directly with concep- 
tion time rather than with the time of birth, since births are only more 
or less inevitable consequences of the conceptions. 

For a number of localities the mean temperature, relative humidity 
and rainfall by months are also charted to show their relationship to 
the monthly conception curve. All graphs are drawn with the bottom 
of the chart as the zero line. 

Beginning with the more northern cities and countries, we see the 
conception rate in Montreal to be rather depressed in the late winter, 


* Submitted for publication, May 21, 1930 


*From the Department of Internal Medicine, Universitv of Cincinnati 
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Chart 2.—Seasonal variations in the conception rate in Boston. 





SENIOR—CLIMATE AND CONCEPTION 


to rise steadily to a June peak, and then to decline gradually again t 
late winter. The rise in the mean monthly temperature to about 68 F 
for July and August seems to be without depressive effect on con 
ceptions. 

A little farther south, however, where the mean monthly temperature 
for July and August rises above 70 F., there is a depressive influence 
on conceptions. Boston, with a July and August mean of 71 F., shows 
a 6 per cent reduction in conception rate. Chicago exhibits a marked 
late winter depression and a mild summer heat effect. 
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Chart 3.—Seasonal variations in the cé rate in Chicago 


Wichita, Kan., in which the mean July and August temperature 
rises to 78 F., suffers a 14 per cent reduction in the conception rat 
lhe mean temperatures of 82 F. in Charleston, S. C., and 83 F 
Tampa, Fla., are accompanied by corresponding d 
31 per cent in the conception rate. 

On the other hand, in the cities of the Pacifi 
temperature is more stable, in 


mer months, there is no summer depression of conceptions. 


far south as San Diego and Los Angeles, there is no significant si 


effect. 
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Chart 5.—Seasonal variations in the conception rate in Charleston. 








\ similar study of states in various latitudes from Maine to Florida 
gives results similar to that from the cities. In the north the spri 


depression is most marked, with the rate highest in the summer ; in th 


central states the heat depression of July and August is evident, and 
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farther south this becomes more and more marked 


In order to show that the variations in conception rate are not neces- 


sarily correlated with the marriage rate, graphs are shown for Belgium 


and Switzerland. Here it is seen that although the Tune peak in con 
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ceptions coincides well with a similar marriage peak, the fall marriagé 
peak does not produce a noticeable effect on conceptions 
In Japan the climatic effects are most striking. The spring months 


of April, May and early June are almost perfect so far as temperature 
is concerned, but from the middle of June to early September thi 
humidity is almost constantly high, day and night, while the mean tem 
perature rises to 99 F. The mean monthly temperature and rainfall 
recorded on the graph represent the means obtained for 1928 from nin 
observation stations scattered throughout Japan. The graph shows the 
striking changes produced in the conception rate by these climati 


changes. There is a 50 per cent fall in conceptions during their tropical 
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Chart 7.—Seasonal variations in the conception rate in Los Angeles and 
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Chart 8—Seasonal variations in the conception rate in San Francisco. 





{ILLS-SENIOR—CLIMATE AND CONCEPTION RATE 


summer period! Calculation has shown that not over 10 per cent of 
the spring rise in conceptions here could be attributed to the increase in 
the marriage rate 

No doubt many persons reading this article will be inclined to attrib- 
ute the depressions in conception rate during the hot months to a diminu- 


tion in the frequency of intercourse during the hot weather, but such 
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Chart 10 mal variations in the conception rate in Michigan. 











is not the case. Dr. T. J. LeBlanc (personal communication) obiained 
statistics on the frequency of use of houses of prostitution by the male 
population of Japan, and these statistics show no significant depression 
of male sexual activity during the hot summer months. We may, then, 
conclude that male sexual activity is not much influenced by heat, and 
in a country like Japan it is mainly the male that dominates this ques- 
tion. Since Japan shows the most marked seasonal variations in con- 
ceptions, the inference is that a biologic reduction in fertility is produced 


by the heat. 
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Chart 11.—Seasonal variations in the conception rate in Switzerland. 
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Chart 12.—Seasonal variations in the conception 





It cannot be demonstrated at present whether only one sex or both 
are involved in the depression. It is known that raising the temperature 
of the testicles by © 3.C. (35.6 or 37.4 F.) will inhibit spermatogene- 
sis. Some stock breeders claim that a ram loses his effectiveness in the 
symmer if his scrotum is enclosed in heavy flannel to retain body heat 

While there seems to be no doubt, from the graphs presented, that 


‘ 


there is a seasonal depression in conceptions when the mean monthly 


temperature rises above 70 F., it must not be inferred that the annual 


birth rate in the tropics is lower than that in the temperate regions 
Indeed, just the opposite is the case; but too many factors enter into 
determining the total birth rate for us to derive any value in discussing 
it here. Different populations should not be compared in this respect; 
but we may well compare seasonal changes occurring in given 

tions. 

In 1925, Reed? presented graphs of the monthly birth rate 
United States and Great Britain. From the graphs presented in 
present article it is seen that there is really no single seasonal birth 
curve in this country, the north and south being almost the reverse of 
each other. It is of special note to observe that the peak of conception 
rate in the various graphs presented most often occurs when the mean 
monthly temperature is around 65 F. It was at about this same tem- 
perature that Huntington? found human efficiency along various lines 
of endeavor to be highest. 

In conclusion, we may state that human fertility, as indicated by 
the conception rate, is highest in any given population at a temperature 
yf about 65 F., and that it is reduced during the low temperatures of 
the northern winter and by mean summer temperatures above 70 F. 
The summer depression is roughly proportional to the rise in the mean 
temperature above 70 F. These changes in conception rate are not 
dependent on changes in the marriage rate or sexual activity of the 
population, and must therefore represent actual variations in human 
fertility. 


1. Reed, Lowell J 


1 


2. Huntington, Ellsworth 
Yale University Press, 1920. 





VITAL CAPACITY IN COLLEGE WOMEN 
I. STANDARDS FOR NORMAL VITAL CAPACITY IN COLLEGE WOMEN * 
ABBY H. TURNER, Ps.D. 


SOUTH HADLEY, MASS 


A tormer paper’ on vital capacity in college women included 
standards derived from the physical examinations of 1,150 Wellesley 
freshmen. The apparatus was as good as was available when the data 
were gathered, 1922 to 1924, and it was used with systematic regard 
for accuracy. To verify or revise these standards, the vital capacities 
of the freshmen at Mount Holyoke College were carefully taken during 
the years 1925 to 1929 by the department of physical education, with 
an excellent Collins spirometer. The group, after the omission of 
oriental students and those with crippled thorax; numbered 1,337, and 
was, as far as is known, a typical group of freshmen—healthy young 
women aged about 18. The age range was small, from 16 to 23, with 
the very great majority from 17 to 19 years of age. 

Since it became apparent from the observation of many students 
that those who were most likely to give inaccurate results in the regular 
fall physical examination were the students with low vital capacity, all 
students in this group were reexamined, and about one-third raised 
their records appreciably. They either had not understood how to use 
the spirometer the first time, simple as the test is, or embarrassment 
prevented their showing what they really could do. Their second 
figures were approximately like those that they repeat throughout their 
course. This merely indicates the need of careful and repeated studies 
of students in working with any functional test, if the results are to be 


valid. Speed in giving the tests cannot be paramount, as it too often 


is in the rapid routine of the freshman examination. 

The statistical treatment of the figures was made by the usual 
methods. Our results were verified by the department of statistics of 
the Harvard School of Public Health, and regression equations were 
derived by them for the prediction of vital capacity from height, weight 
and surface area. They also prepared the charts for easier comparison 
of individual cases with normal results. 

The results of this study are given in the table. Figures from the 
Wellesley group and also those from the Stanford study of Pasmore 

* Submitted for publication, June 25, 1930. 

* From the Department of Physiology, Mount Holyoke College 

1. Turner, A. H.: The Vital Capacity of College Women, Am. 

Rev. 32:593, 1927. 
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and Weymouth ? are given for comparison witl 


the Mount Holyoke group. The data 


Boynton * are unfortunately not in a fort 


the recent figures fro 


the Minnesota stud 


for ready comparison, nm 


are the tables for women compiled by Myers,* but a footnote to the table 


indicates the general nature of these results 


ing data at McGill University (Herriott 


J 


Inclusive, Totaling 1,337 


Mount Holyoke 
Number tested 1,337 


Averages: 


Height, em 162.8 
Weight, Kg. ..... 55.50 
Surface area, sq.m 1.58 
Vital capacity,+ liters 8 


Standard deviations: 


Height..... ° é e+e 5.996. 


Weight... ° mie 7.1981 
Surface area... ee 0.112 
Vital capacity......... 0.4384 


Coefficients of variation: 


Height.... oe ad 0.03¢ 


vakscecepaciee * 0.1297 
Surface area....... ‘ 0.0711 
Vital capacity.......ccccccess 0.1329 


Coefficients of correlation: 
Height : weight.. ucennes ‘ 0.4410 


Vital capacity : height 0.4958 
Vital capacity : weight ‘ 0.3754 


Vital capacity : surface area ).4870 


* For comparison, figures from Wellesley and Stanford 


pared with the tables of Myers, 1925, the figures from 


107 per cent. Our averages were applied to his tables 


height and weight. 


+ Height and logarithm vital capacity were used here. 


Logarithm vital capacity and logarithm weight were 


Determinations on Five Freshmen Classes at Mount H 


The methods used in obtain 


are not fully enoug! 


ylyoke College, 1925 : 
Students * 
Wellesley Stanford 
1,150 40 
16 61 
4.97 4 
1.58 ] 
2.99 
5.685 
8.46. 
0.10: 11 
0.478 0.466 
0.0848 0.0 
0.154 0.12 
0.06. 1.0 
0 
0.591 
0.354+ Q s 
0.2445f 0.258 
0 g 40 
groups are also giver \s cor 


Mount Holyoke group give abo 
or calculating vital capacity fr 


here 


$ Logarithm vital capacity and logarithm surface area were used her« 


described to enable one to judge whether 


the spirometer used w 


comparable with that used at Mount Holyoke, but the figures are s 


below those we obtained that they are not referred to in detail 


2. Pasmore, FE. E., and Weymouth, F. W 
to Other Physical Measurements in Women, An 


Xelation of Vital Capacit 
Educ. Rev. 29:166, 1924 


‘ 


3. Boynton, R. E.: A Comparison of Normal Standards for the Vital Capa 


ity of the Lungs of Women, Arch. Int. Med. 33:292 


4. Myers, J. A.: The Vital Capacity of tl 


Wilkins Company, 1925 


5. Herriott, J. S.: Research Quart. Am. Ph 


ngs, Baltimore, W 


(March) 1924 
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Points shown in the table to which attention is called are as follows: 
Lhe vital capacity of the Mount Holyoke group is distinctly higher than 
that of the Wellesley group. Each year as the data were collected my 
associates and I saw this higher result, and in looking for a reason 
we seemed to find it in the ease with which the Collins spirometer is 
blown. In this instrument there is no constriction of the tube between 
mouth and bell, all moving parts are light, the bell is well counter- 
poised, and there is no excess pressure in the bell at the end. We think, 
therefore, that these results represent a real advance in accuracy, and 
not that the girls at Mount Holyoke are of higher vital capacity than 
are the Wellesley girls of approximately the same size. If vital capaci- 
ties are to mean anything in the study of human welfare, they must be 
taken with care to secure the subject’s real maximum. The improve- 
ment also in the correlation of these measurements with other bodily 
measurements may indicate that these figures are better ones. It is of 
interest to note that the average vital capacity in liters divided by the 
average surface area gives 2.07, practically West’s figure of 2 liters 
per square meter of body surface as the normal for women,® and when 
the vital capacity in cubic centimeters is divided by the average height 
in centimeters one obtains 20.1, again almost the same as West’s formula 
for women of 20 cc. for each centimeter of standing height. 

The regression equations, which were determined for the several 
correlations, are given here. This is a more accurate mode of pre- 
diction than the simple device just mentioned. By them, the average 
vital capacity for any height, weight or surface area can be calculated 
easily. For instance, let x equal the measured height; then y, the 
average vital capacity, can be obtained by substituting for x the observed 
height in the equation. Surface area is derived from height and weight 
according to the method of DuBois,” for which nomogram and tables 
are readily found. 


Height > = 0.0368x — 2.706 


Weight y=2.017 + 0.023x 


Surface area y=0.279 +1.901x 


By looking at the coefficients of correlation, it will be noted that the 
equations for height and surface area give much better modes of pre- 
diction than that for weight. 

From charts 1, 2 and 3, the average vital capacity for any observed 
height or weight or calculated surface area can be quickly determined. 

6. West, H. F.: Clinical Studies on the Respiration, Arch. Int. Med. 25:306 
(March) 1920 

7. DuBois, D., and DuBois, E. F.: Clinical Colorimetry, Arch. Int. Med. 
17:863 (June) 1916. 
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{ARCHIVES OF INTERNAL MEDICINI 
kind the observed or calculated measurement at the bottom the chart 
lollow the proper line vertically until it intersects the oblique line 0; 
then proceed from this intersection to the left margin where the average 
vital capacity for the measurement in question will be found in liters. 


With this the subject’s actual vital capacity can be readily compared. 
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Chart 2—The average vital capacity for young adult women of 
d the position of 50 and 80 per cent of the groups of different weights 


Vital capacity varies much among persons of a single height, weight 
It is desirable, therefore, not only to know that a 


or surface area. 
particular subject is, say, 10 per cent low in vital capacity, but to know 
how many other persons of that height show the same figure. On the 
the lines + 25 and 25 include between them 50 per cent of 


charts, 





the whole number of persons measured ; the lines + 40 and — 40 simi- 
larly include 80 per cent of the total number. We should expect to 
hnd, then, about 10 per cent of any large group above the + 40 line 
ind as many below the — 40 line. 
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Chart 3.—The average vital capacity for young adult women 
area and the position of 50 and 80 per cent of the groups of different surfac¢ 


Surface area is derived from height and weight according to the DuBois method 


It has been possible to try out the usefulness of these determinations 
on one class at Vassar College through the cooperation of Dr. Charlotte 
Haywood of the Physiology Department who charted last fall’s fresh 


man class of 285 students. The averages for this class are height 
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165.6 cm. ; vital capacity, 3.396 liters. By reference to our height chart, 
it is seen that for the height 165.6 cm. the average vital capacity is 3.39, 
as close an agreement as could be asked. The distribution is as follows: 
Theoretical 
number Observed 

Above +40 ... “Fe ate * “% . 28-29 

Between + 40 and + 25... rtd ... 42-43 

Between + 25 and 0.. 71-72 

Between 0 and —25 ss 71-72 

Between — 25 and — 40 .. 42-43 


Oo KH 
) 


Below 


This agreement is approximately like that obtained from successive 
classes at Mount Holyoke. The high average height, vital capacity and 
high number above the -+- 40 line in the Vassar study seem due to a 
considerable group of tall students with high vital capacity rather than 
to a general shift in the average, as is shown by the fact that of the 
total number more than half are below the O line. This skewness of 
distribution toward the high end of the vital capacity curve we also 
found at Mount Holyoke in nearly, though not quite, all classes studied. 
It may be related to the unequal participation of the students in sports, 
but this phase of the subject will be considered in the next paper. 


In considering whether vital capacity is being measured as accu- 


rately as possible, McCloy * raised the question of the importance of 
temperature. Careful consideration has been given to the possibility 
of correcting to body temperature, as he suggests, the volume of air 
collected. There are serious difficulties in the way ot making such a 
correction. Although the air in the machine cools rapidly to about the 
temperature of the room, if the machine is left filled, since the walls 
of the bell are thin and the metal so placed as to conduct heat easily to 
the water jacket, an accurate determination of the temperature of the 
expired air is not easy to obtain, because it probably changes at different 
rates in different cases, since some girls breathe out rapidly, some slowly. 
For the quantities of air concerned in our series, the variations on dit- 
ferent days at the ordinary range of room temperatures, say 10 C. as 
a maximum, cannot be more than from 100 to 150 cc., a quantity within 
the range of variation in successive determinations made with all pos- 
sible care by persons used to the machine. This room temperature 
quantity seems to fit the needs of the medical profession—to whom, 
after all, this measurement is of the greatest consequence—since sim- 
plicity of performance is much to be desired in any test. The differences, 
further, between the average vital capacity and any vital capacity that 
becomes important from the standpoint of disease or of physical fitness 


8. McCloy, C. H Am. Phys. Educ. Rev. 32:323, 1927 





will be of a much greater magnitude than the corrections 


nce 


temperature. Hence, for reasons of general convent 
the quantities involved are not greater than chance varia 
seemed best not to attempt to introduce the temperature 


tempting as it is from the standpoint of 


SUMMARY 


lhe study of the vital capacities of 1,337 freshman women at 
Holyoke College has resulted in the presentation of a set of 


data, regression equations and charts relating vital capacity 


weight and surface area. The correlation with standing height 


best and with surface area only slightly less good. As previousl\ 


t 


mined, the weight correlation is distinctly less close 





CAPACITY IN COLLEGE WOMEN 


STUDENTS WITH HIGH AND LOW VITAL CAPACITY 


ABBY H. TURNER, Ps.D. 


SOUTH HADLEY, MASS. 


Dreyer, the Englishman who has done so much work in_ vital 
capacity studies, is quoted by Myers! as follows: “If a person is found 
to have as much as 10 per cent less vital capacity than is normal for 
his class, it is probable that he is suffering from some health depressing 
condition, and if he is as much as 15 per cent below the normal limit, 
it is practically certain that he is abnormal in this respect.” The work of 
Myers and others narrows the range of diseases expected to those of the 
lungs, heart and thorax. 

It therefore seemed desirable to study carefully the students with low 
vital capacity in the group of 1,337 students used for the establishment 
of the new standards given in the first paper of this series (Turner *). 
\ll students more than 15 per cent under the average for their height 
(see chart 1, this issue, p. 933) have been kept under observation for a 


period varying from four academic years (two classes) to one academic 


year (the class entering college in the fall of 1929). This study was 


made with the cooperation of the medical department and the depart- 
ment of physical education. The program followed was that of inter- 
views in the fall and spring with each student, at which times her vital 
capacity was checked and her athletic and health history talked over 
\ preliminary report on this study was made in 1927 (Turner *). 

The following points were taken up, with the student, the college 
physicians, the gymnasium staff, or with all of them as became necessary : 

1. Precollege history of activity as shown by participation in sports in and 

of school, by summer programs, going to camps, and so on 

2. Special activities, such as prolonged study of vocal music 
wind instruments, etc. 
3. Previous history of disease, especially those diseases affecting vital capacity 
(diseases of heart, lungs and thorax). One leading question that often brought 
evidence otherwise not recorded, in spite of medical histories given by parents 

* Submitted for publication, June 25, 1930 

From the Department of Physiology, Mount Holyoke College 

1. Myers, J. A.: The Vital Capacity of the Lungs, Baltimore, Williams & 
Wilkins Company, 1925. 

2. Turner, A. H.: Vital Capacity in College Women Standards for 
Normal Vital Capacity in College Women, this issue, p. 930. 

3. Turner, A. H.: The Vital Capacity of College Women, Am. Phys. Ed 
Rev. 32:593, 1927. 





ne physicians, was 
l physically, especi lly 
4. History of dyspnea 
5. History during college 
he summers. 
6. General health status in «¢ 
7. Change in vital capacity in 


students with low vital capacity. 


For purposes of comparison thi 
vital capacity was checked continuall 
cent or more above the average { 

This group totaled 

distribution curve for 
Phis skewness may easily) 

The first thing to be said regarding the 
all the students 15 per cent or more below the average d 
signs of present or past disease, contrary to the implication ot 
tation from Dreyer with which this paper began. However, 
thing to be said is that there is a conspicuous differenc 
students with low vital capacity and the average colleg 
results are discussed briefly under the headings outlined 


notes will add further details 


Rye ctne 
f1istoi \ 


capacity were athletic; they joined in the spor 

schools, in the vigorous life of summer camps and in 

in their homes. ‘The students with low vital capacity were 

“quiet little girls’—there were few sports 

summer histories. The reasons for this quiet 

physical handicap, which was frequently found, 

‘My mother is afraid of the water,” or to place of Ii 

in the Canal Zone; it’s hot there!’ or to lack of a school progr: 
Special mention should be made of swimming, which 

most conspicuous sport of students 

which many of those with low vital capaci snow 

The former swim long distances, dive and m under 

latter swim at all, they are hindered by 

very short distances. The importance of swimming 

when this study was first begun, so the dé 

are incomplete. 


2. Special Activities —Of the students with high vital capacity, 


play on wind instruments, with years of practice behind them, two on 


} 


the trumpet, one on the slide trombone and one on the clarinet; thre 
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have had many vocal lessons; three have done significant work on farm 
or ranch; one is an Olympic swimmer. Two have lived in the country, 
where they “velled” to see how far they could make their friends hear 
across country, a real sport for them. None of these factors are found 
in the group with low vital capacity. 

3. Previous History of Disease.—In the group with low vital capacity 
there are each year a few students, perhaps three or four, with lasting 
cardiac defects either congenital or, more often, a sequel to some 
infection. These students are expected to have low vital capacity, but 
it is always surprising to find by no means all of the students with 
cardiac disorders in this group, for they are found in almost equal 
numbers in the normal group and even in the group with high vital 
capacity. Since it is difficult to find out the exact diagnosis in these 
cases, which obviously can be of little limitation or the students would 
not be in ec lege, they have not been omitted from the group asa whole. 

Myers* gives the average vital capacity for students who have 
had pneumonia as below the general average, but in the group of 
students with high vital capacity at Mount Holyoke there were propor- 
tionally almost as many persons who had had pneumonia as among the 
students with low vital capacity, and in the family history is noted seem- 
ingly equally severe disease. It seems, therefore, that in many cases the 
recovery is complete, and that one can have no assurance that an 
observed low vital capacity is due to pneumonia, though this may often 
be the case. 

We have found no cases in which recovery from pulmonary tuber- 
culosis has been known. There are several students in college with 
deformed thorax, in most cases due to infantile paralysis, but they were 
omitted from the study. In some of them the vital capacity gives little 
margin above the tidal air, and they suffer much from dyspnea. When 
the paralysis affected other muscles than those of the thorax, there 
was no indication of lowering of vital capacity, and such students were 
included. 

4. Dyspnea.—The students in the group with low vital capacity are 
conscious of getting out of breath in ordinary life. Stairs are real 
obstacles, for they are often sadly out of breath on reaching the third 
floor office. Among them are some apparent exceptions, students who 


say they have no dyspnea, yet on further questioning say, “I never run.” 


One student was kept out of the glee club because it was impossible for 
her to hold her breath long enough for the usual musical phrasing. Many 
suffer much in running, and in swimming they are held up for lack 
\ few seem not to suffer at all. Why do they not? They 


of “wind 
show persistently low vital capacity by all tests, yet they swim and 
they play at least moderately active games with no sense of limitation. 
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A careful study of this group would be of much interest, but there ar¢ 
few of them to study, not more than one or two a year. 

Students in the group with high vital capacity sutfer little from 

dyspnea except when participating in active sports like soccer and hockey 
or in fast swimming. 
5. College History: Sports——In the fall of the freshman vear the 
first class teams show a marked preponderance of students with high 
vital capacity, though the basis of choice is success in playing the games 
This preponderance continues throughout the college years. It is to be 
said, of course, that this group includes the long of limb and the broad 
shouldered, students of past experience and success in the sports con 
cerned, and one may be tempted to mix cause and effect. The students 
with low vital capacity are seldom found on class teams in the running 
sports, though a few appear in archery, volley ball and the like 

Many of the students high in vital capacity, but almost none of thos 
low in vital capacity, are camp councillors during college years 

6. College Health Status —One of the most interesting phases ot 
this study was the rating of these two groups by the college physicians. 
Mount Holyoke is a residence college in a small town. The college 
medical department knows the medical history of each student rather 
fully, since contacts with outside physicians and specialists are made 
through the medical office. The physicians were asked to grade all 
members of these groups by this scale, A, excellent; B, good; C, fair; 
D, poor, a college health risk. The results surprised us by their 
clearness. The typical grade for the low vital capacity group is C, that 
for the high vital capacity group, A or B. In many cases the A’s had 
never been mentioned in the college case histories 

In this connection the nutritional figures are of interest, though in 
the absence of standards that recognize varying widths of build as well 
as heights, we feel a lack of security in our results. They have not 
been tabulated, but there is no doubt of their general tenor. The girl 
with high vital capacity is not underweight—she is about what she 
should be for her build, or slightly overweight. The group with low 
vital capacity includes a large proportion of students who are markedly 
underweight and a few who are conspicuously overweight. The girls 
with high vital capacity are about 2.5 cm. taller than those with low 
vital capacity. The complete reasons for these differences are not 
known, but a future problem will be to consider the prevalence of healed 
rickets in the latter group. Their histories do not state whether they 
had rickets as babies or not; in fact, they do not know, but in several 


instances there is the high sternum to indicate thoracic involvement in 


habyhood. A further study is planned from this point of view 
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7. Change in Vital Capacity During College Years.—For the entire 
croup of 199 in the class of 1929 for whom determinations made during 
the freshman and senior years were available, the average increase was 
only 100 cc., scarcely any amount beyond the range of error. It thus 
appears that freshman standards may be considered suitable for adult 
young women. The students with high vital capacity change but little ; 
practically none of them lose their high rating even though their activity 
may be very small after the college requirement in exercise is com- 
pleted at the end of the sophomore year. Of a total of twenty-one 
students with low vital capacity who were followed through the four 
years, ten gained on the average 410 cc., an amount well above the 
general average for their classes. For these students there was no special 
program other than a general exhortation, when they came in for con- 
ference, on the benefits of sports. Four of this group lost an average 
of 260 cc. without known reason. The others showed no change. 

Since it was apparent that at least some of this group with low 
vital capacity showed an increase, a special study was made of the group 
with low vital capacity of the fall of 1929, and twenty-five students 
were selected for special work in thoracic development and mobility 
under the direction of Miss Lillian Kuester, director of medical gym- 
nastics at Mount Holyoke. Three of these students failed to report. 
The members of the group were given directions for suitable exercises, 
and were to report at intervals for conference and checking progress. 
The diligence of the group varied, but at the end of the vear the results 
were these: 

Total number 
No change beyond + 200 cc 
Increase 210 to 400 cc 
Average, 
Increase 410 cc. or more 
Average, 600 cc. 


Of the eleven who did not gain, the reason for three may lie in 
pneumonia in the past and for one in a persistent cardiac limitation. 
Four reported only a few times and probably did not follow the pro- 
gram of exercise. There is no apparent reason for three, except that 
all had had little sturdy exercise in precollege days. The remark of 
one, “Mother was afraid of the water,” is typical of the lack of appre- 
ciation of the value of sports in their homes. Of the eleven who showed 
good gains, two had had pneumonia, one had a persistent cardiac con- 
dition, and one was probably helped by an operation on her nasal 
septum which removed an obstacle to free breathing. But in the 
other cases we seemed to have the simple effect of a healthful reaction 


to wisely prescribed exercises. Several of these students reported a 


lessening of dyspnea, and, as they say, “more pep.” 
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Che training of students with low vital capacity in thoracic develoy 
ment and mobility will be continued in the next years until we hav 
surer basis for judgment. At present, the indication is that many ot 
our students with low vital capacity are so hampered, not because of any 
involvement by disease, but simply because they were cheated of thei 
heritage through a life of too little sturdy exercise. The evidence 
points to the years of adolescence as the best time for such training, 
and the fact that many of our students with high vital capacity were 
for two years with little sturdy exercise in the last part of their college 
course shows that the power once gained is not readily lost. Th 
question is not answered as to how far special training in college years, 
coupled with a gradually increasing participation in sports, may serve 
to raise vital capacity to a height associated with safety if not with 
athletic prowess. Thus far it appears that we have a good lead to 
follow in helping this group of physically deficient students to suret 
health. 

There is no thought in this study that vital capacity has any magi 
relation to health, but merely that we have here one measurable function 
which is a part of the complex indicating an oxygen supply and delivery 
adequate for the needs of the body in strenuous exercise as well as in 
the quieter parts of the day’s program. The material just described 
is summarized in more definite form in table 1. 

Certain other matters are of interest, notably the comparative 
academic success in the two groups with which we are concerned 
The average grades of the high and low vital capacity groups are given 
in table 2. Each successive class has shown this difference, which, 
though not very great, is undoubtedly of significance. The students 
at Mount Holyoke are given numbers which indicate their relative 
academic rank in their classes, the highest student in the class being 
ranked no. 1 and so on. The total number in a class is about 270 
These average ranks of the high and low vital capacity group ar 
included in table 2 and also the number of each group in the highest 
and lowest fifty students of the class. These records are based on as 
much of the students’ work as was available during the spring of 1930, 
for one class four years, for a second three years, and so on. The 
present freshman class was not used at all. Whatever method is used, 
the result is the same, the students with high vital capacity are mor 
successful academically though high vital capacity works no academic 
miracles. 

There are several types of “honors,” the giving of the degree with 
honor, honor scholars in the sophomore year, special prizes of various 
kinds. The greater success of the high vital capacity group is shown 


by this mode of judgment also 
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dents Whose | 


, 


Than 15 Per Cent Below 


Vital Capacity Vital Capacity 
More Than 15 More Than 1 
per Cent High per Cent Low 
Precollege sports + Total 118 Total 84 
Athletic 61.8% 1 by 
Nonathletic 7 
mming } 
Much 
Not much 
None... 
Previous diseases 
Pneumonia 
Pleurisy.... 
Heart limitation past or present 
Rapid heart 
Rheumatism 
Pires easily § l Y 
History of dyspnea y f Total 84 
Marked.... 44.0% 
In sports only 3 ‘ 
Not troubled.... : 20 29 G0, 
On college athletic teams # instances 
College health rating §..... Total 121 Total 84 
A, excellent... re 38% 1.2% 
B, good 
O, fair... 
D, college risk 


There are 121 students with high vital capacity and 85 with low vital capacity Since 
he completeness of the records and the time in eollege varies, the total for each point studied 
s not always the entire number; however, when it differs from the whole number it is so 

Since the number of students with high and low vital capacity is not the same, the 
are frequently given in percentages rather than in actual numbers. 
+t ‘Athletic’ indieates great participation in active school sports, nearly always member 
ship on teams, frequent summers in camp, ete. ‘‘Nonathletic’?’ means absence of the foregoing 
wtivities and slight activity in home or school life 
t The differences in the figures are obvious, but the real differences are ill greater. The 
students who swim “‘much’”’ in the high vital capacity group often swim a mile or more, dive, 
swim under water ete. Anything above 100 yards, if the swimming was frequent, was included 
this group. Many of the students with low vital capacity can swim hardly more than this 
distance; “lack of wind” is often their limiting condition 
§ The parent or home physician often gives suggestive notes on the entrance blank. These 
are the ones meant here, not observation after college is reached 
eh student may a member of a team in more than one year. She may also play 
ore than one team during the year, one in the fall, one in spring. Only the students who 
first class teams are included, not those on the substitute teams. 
ng made by the college physicians 
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fcademic Standing and Academu 


High and Low Vit 


High Vital Low Vital 

Capacity Capacity 
\cademie average vaca 5 , : 81.19 
Rank in class (highest student is no. 1), 114.5 
Included in first 50 of the class het : ; 22 
Included in lowest 50 of the class..... , 12 
Special academic honors (see text).. ; 15 
Major offices (filled by student election) 15 


This study includes four classes, one for four years, one for three, and one for two, 
e for only one year. There were 87 students with high vital capacity and 56 with low vita 
pacity 
One of the two students with low vital capacity having special academic honors is well 
set up physieally, though she is not athletic. Her vital capacity has increased by 400 ce 
sinee she came to college two years ago, which takes her out of the low vital capacity class 
She has a history of pneumonia in 1927, with probably a cardiac complication from which she 
ay have been making a slow recovery. The other student is a typical student with low vital 
apacity in lack of exercise, poor color, poor posture and health record. Her vital capacity 
1as not changed significantly in her three years of inactive college life. 

t One of the two students having a major student office has none of the earmarks of low 
vital capacity. She plays games, she is the picture of health, she has a fine record academically 
ind will doubtless take honors later on. Her vital capacity has increased by 360 cc. in her two 
years of college which takes her just above the 15 per cent low line. The other student is also 
successful in games and has a good health record, though she is no academic light. Her 
vital capacity is remaining about the same. Both these students evidently compensate in some 
way for the limitation they have in vital capacity 
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There are each year about a dozen major semor offices to 


students are elected by their fellow students Chere are but few ju 


offices, and still fewer sophomore and freshman opportunities for this 


type of distinction. The number of such posts held by the higl 


1 


low vital capacity groups is stated in table 2 


SUMMARY 


\ comparative study of students whose vital capacity was 


than 15 per cent above or below the average for their heights was mace 
to determine whether the group with low vital capacity showed signs ot 
disease and whether, also, there were indications that vital capacity 
is an important function for judging physical fitness. These students 
were found in five freshman classes at Mount Holyoke College; ther 
were 121 with high vital capacity and 85 with low vital capacity. Tw 
classes were studied for four years, with two conferences each yeat 
each student. The other classes were studied for shorter periods, as 
their year of entrance made possible. 

While in a few instances there seemed to be direct association ot 
low vital capacity with past or present disease of the thorax, heart 
or lungs, the majority of these students seemed to be young women fot 
whom the exercise program in the years previous to college was vet 
limited. The response of twenty-two students in one class, which has 
heen specially trained for thoracic development, was gratifying. By 
whatever test this low vital capacity group was tried out, by the test 
of general health, of academic or of social success, it appears that it 
was truly at a disadvantage. There is thus the indication that vital 
capacity is a measurable function of significance in the general pictur 
of the young women whose relative success in the field of health one is 
anxious to rate fairly. Two “morals” appear: one, the importance: 
of sturdy exercise for girls, especially in their adolescent vears, th 
other, the opportunity of bettering the low vital capacity and wit! 


the general health of at least many of this group of students during 


their ce lege vears 
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CHICAGO 


Subtotal thyroidectomy for exophthalmic goiter is in general a 
remarkably successful operation. In most cases it is followed by a 
prompt and permanent drop in the basal metabolic rate to normal, and 
practically a complete disappearance of symptoms. However, in some 
instances the results are not so satisfactory. Either the thyrotoxicosis, 
although diminished, is not abolished, or else it disappears only to 
recur at a later date. ‘The scarcity of accurate information in the litera- 
ture with regard to the frequency, duration, types and causes of post 
operative thyrotoxicosis led us to undertake the present study. It is an 
analysis of 190 unselected cases of exophthalmic goiter in which subtotal 


thyroidectomies were performed at the Massachusetts General Hospital 


during the six-year period from Jan. 1, 1923, to Dec. 31, 1928, and 


were followed by determinations of basal metabolism and clinical exam- 


inations for from three months to six years after operation. 


THE FOLLOW-UP 


The total number of patients who underwent subtotal thyroidectomy 
for exophthalmic goiter during the six-year period from 1923 to 1929 
was 266. Of these, 76 were followed for less than three months after 
operation, and were therefore not included in this study. The remain- 


ing 190 were followed in the manner described. 


Vethod.—With rare exceptions, a determination of basal metabolism (using the 
Benedict-Roth apparatus and the Aub-DuBois standards) was made each time 
the patient was seen in the clinic. Following this determination, the patient was 
examined in the laboratory, usually by us. No attempt was made to follow 
patients by letter. 

* Submitted for publication, May 26, 1930 

‘All of these data were collected in. the Metabolism Laboratory and Thyroid 
Clinic of the Massachusetts General Hospital. The expenses of preparation of 


the manuscript were borne in part by Rush Medical College 
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Duration } } yllow Up. In these 190 cases, the patients vere tollowe 
the following periods: three months to one year after operation in 75 ses 
between one and two years in 36 cases, between two and three years | 3 
between three and four years in 20 cases, between four and five years 
cases, and between five and six years in 7 cases 

Frequency of Follow-Up—tThe patients (37 in all) with postoperative thy1 


toxicosis were followed thus: in 12 cases, once a month almost continuously f 
irom four months to four and three-fourths years, including 3 cases tollowed 
for three, four and one-fourth and four and three-fourths years after operat 

in 6 cases, once a month for from one and one-fourth to six and one-half ye 
with gaps of eight months to three and one-half years; in 14 cases, every tw 


to three months with a few omissions for from five months to four and three- 


fourths years (this includes 5 cases followed two and one-halt, 3 ree 
two-thirds, four and four and three-fourths years after operatior n 3 cases 
every two to three months for from two to five years, with gaps 


one to one and one-half years, and in 2 cases, every three to six mont! 


and two-thirds and five and three-fourths years, with gaps of two ar e-halt 
nd four and one-half years, respectivel 


The 153 patients who were not thyrotoxic after operation 


so closely. However, about 55 were seen on an average of every one t 
months; 10 of these for less than a year, and the other 45 for from one to 1 
and one-half years after operatior The remaining 98 patients re seen a 
varying intervals, that is, every three or six months and thet 

ear or more, for as g as six years r operat 


Che subtotal thyroidectomy was usually done in one stage, but in 
a few instances two hemithyroidectomies were performed a few months 
apart (15 patients in the postoperative nontoxic group and 7 patients 
in the postoperative toxic group ). 

According to the records, the subtotal thyroidectomies ettected the 
removal of from two-thirds to nine-tenths of the thvyro1 
of course, does not give an accurate idea of the amount of tissue left 
in, as the glands varied so much in siz It was the practice of one « 


the surgeons doing the greatest number of thyroidect 


ones i. 


in only from 1 to 4 Gm. of tissue on each side whenever possible, 


he often unavoidably left more. 


F THYROTOXICOSIS FOLLOWING SUBTO 
THYROIDECTOMY 
In some cases it was difficult to decide whether thyrotoxicosis was 
present. In many more patients than those included in the postopera 
tive thyrotoxic group there was a slightly elevated basal metabolism at 
some time after operation (in general, plus or minus 15 per cent was 
taken as the normal range): but unless a high metabolism was persis 


tent and was accompanied by definite clinical symptoms such as tacl 














cardia, undue nervousness, case of fatigue and excessive sweating, the 
patient was not considered thyrotoxic. 

In the 190 cases that were followed, 153 (80.5 per cent) of the 
patients appeared to be cured, that is, they showed no definite thyro- 
toxicosis or no more than doubtful transient signs of it following 
operation. However, 37 (19.5 per cent) showed definite signs and 
symptoms.’ The incidence of postoperative thyrotoxicosis by years 1s 
given in table 1. A possible cause for the high incidence in 1928 (31.1 


per cent) will be discussed later. 


SEVERITY OF POSTOPERATIVE THYROTOXICOSIS 
\Ithough 37 of the 190 patients had thyrotoxicosis after the opera- 


tion, they all showed symptomatic improvement with one exception (in 
Incidence of Postoperative Thyrotoxicosits by Years 


Patients Patients 
Patients Thyrotoxie after Thyrotoxic after 

Year Followed Operation Operation, per Cent 
1923 18 4 233 
1924 y 14.3 
1925. 12.5 
1926 Ti ; 16.8 
1927 22 18.5 
1928 45 $1. 

Totals err ‘ce 190 

Average incidence of postoperative thyrotoxicosis. . 


case 6397, chart 10). The postoperative thyrotoxicosis was mild in 
56.8 per cent of the cases, moderately severe in 35.1 per cent and severe 


in 8.1 per cent; whereas in the same cases before operation the thyro- 


1. We (Thompson, W. O., and Thompson, P. K.: Low Basal Metabolism 
Following Thyrotoxicosis: I. Temporary Type without Myxedema, with Special 
Reference to the Rdle of Iodine Therapy, J. Clin. Investigation 5:441, 1928) pre- 


viously reported the cases of a few patients who showed increased nervousness 
and slight tachycardia, palpitation and tremor in spite of a normal basal metab 
olism, and in whom these signs and symptoms disappeared when iodine was 
administered and the basal metabolism dropped to a subnormal level. When the 
basal metabolism was low the patients appeared healthy and no myxedema could 
be detected. However, since in these patients the evidence on which the diag- 
nosis was based may be questioned, we have not considered them thyrotoxic in 
this study, with the exception of the patient in case 1812 (chart 3) in whom the 
basal metabolism eventually rose as high as plus 19 per cent when iodine was not 
being administered, and in whom there was no doubt about the presence of the 
disease. In other words, while we are well aware that the intensity of the thyro- 
toxicosis and the amount of elevation of the basal metabolism do not necessarily 
parallel one another, we felt that we should include in our criteria for the presence 
or absence of thyrotoxicosis one objective symptom that could not be questioned. 


that is, a persistently elevated rate of basal metabolism 
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950 ARCHIVES OF INTERNAL MEDICINE 


toxicosis was mild in 5.4 per cent, moderately severe in 43.2 per cent 
and severe in 51.4 per cent. All of the patients resumed their usual 
occupations following operation, although under more or less of a handi- 
cap according to the severity of the symptoms. A summary of the deter- 
minations of the basal metabolism made in the 37 patients who were 
thyrotoxic following operation is given in table 2. 

In 24 of the 36 patients who improved, the basal metabolism was 
considerably lower without medication after operation than before pre- 
operative treatment with iodine was begun. In 3 cases (cases 2632, 
2759 and 4530) it was not possible to make this comparison because no 
determinations of basal metabolism had been made before the admin- 
istration of iodine preceding operation, and in one case (case 3867) 
because no determination was made after operation at a time when 
iodine was not being administered. In 3 of 6 cases (cases 2375, 3437 
and 4353) showing no reduction in the basal metabolism at times when 
the patient was not taking iodine after operation, and in 3 cases (cases 
1915, 5596 and 6102) in which little reduction was noted, there was 
general improvement with gains in weight ranging from 3 to 7 Kg. 
Similar improvement with gain in weight but no reduction in_ basal 
metabolism was noted by Porter? following a hemithyroidectomy. Con- 
sidering the 37 cases as a whole, the basal metabolism at the time of 
admission to the hospital averaged about. plus 64 per cent, and after 
operation, when no iodine was being administered, it averaged about 
plus 40 per cent. 


CLASSIFICATION OF POSTOPERATIVE THYROTOXICOSIS ON THE 


BASIS OF TIME OF ONSET 


It is important to determine whether the disease disappears after 


operation and then recurs, or whether it merely persists. The thyro- 


toxicosis was considered persistent when there was no evidence to 
show that it had disappeared temporarily at any time after operation 
except under the influence of iodine. The thyrotoxicosis was consid- 
ered recurrent only when there was evidence to show that there was a 
period after operation when, without medication, it was not present. 
On this basis, 35 of the 37 patients had persistent and only 2 recurrent 
thyrotoxicosis. In one of these definite recurrences (case no. 2524) the 

2. Porter. C. A.: Analysis of My End-Results in Thyroid Surgery, Surg 
Gynec. Obst. 36:621, 1923 

3. In each instance, omitting cases 2632, 2759, 3867 and 4530 in which no 
comparisons could be made, the figure used was the highest postoperative rate 
f basal metabolism during a period in which there was no treatment with iodine 
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onset was between thirteen and nineteen months after operation, and 
in the other (case no. 1812), between five and one-half months 
and three and one-half years after operation (this patient was 
normal until five and one-half months after operation, but was not seen 
again until three and one-half years after operation, at which time thyr 

toxicosis was present). Of the 35 patients in whom apparent persistences 
were observed, the high basal metabolism was first noted: in 15 cases 
within two weeks after operation, usually at the time of discharge trom 
the hospital ; in 4 cases, between two weeks and one month after opera- 
tion; in 10 cases, between one and two months; in 3 cases, between 
two and three months; in 2 cases, between three and four months, and 


in 1 case, between one and eight months. 











Chart 1 (lab. no. 3094).—The usual course of the basal metabolism, pulse an 
weight in a case of exophthalmic goiter cured by one subtotal thyroidectomy 
Note that following operation the basal metabolism promptly dropped to norn 
and remained there. In this and subsequent charts, H denotes a period of hos 
pitalization; the arrows denote subtotal thyroidectomies; the half-arrows, hemi- 
thyroidectomies; the black areas, periods of treatment with compound solutior 
of iodine; the figures above them, the daily doses in drops, and the cross-hatche: 


areas, periods of treatment with desiccated thyroid 


In the 20 cases of persistence in which the high basal metabolic rate 
was first noted later than two weeks after operation, there were usually 
a few intervening normal metabolic rates (table 2), but these were 
obtained while the patient was taking iodine. This medication with 
iodine renders it impossible to tell definitely whether or not these 
patients had a spontaneous brief interval of freedom from the disease. 
The prompt rise in the basal metabolism, however, after the omission 
of iodine, together with the presence of palpable thyroid tissue befor¢ 


its Omission in many cases, makes it appear highly probable that such 


I 
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Chart 2 (lab. no. Typical persistence of exophthalmic goiter follow 
ing a subtotal thyroidectomy, showing the course of the basal metabolism, 
pulse and weight. 


Note that the level of the basal metabolism when iodine was 
not being administered was about the same ten months after operation as from 


ne to two months after operation, and that the level to which it was depressed by 


odine was the same twenty months after operation as two weeks after operation 
This chart also shows that iodine may hold the basal metabolism at a constant 
level for many months 


hart 3 (lab. no. 1812).—Recurrence of exophthalmic goiter in association 


generation of thyroid tissue, after the disease had been absent for at least 
and one-half months following a subtotai thyroidectomy 


r¢ 


and control of this 
rotoxicosis by iodine until it and the palpable thyroid tissue disappeared. 








was not the case. 


the time of onset 


In any event, there were only 3 


of the postoperative thyrotoxicosis was ob 


more than three months. 


Data from at 


ypical case in a patient who showed 


no postopera 


tive 


thyrotoxicosis, in one with a typical persistence and in one with a typical 


recurrence are recorded in charts 1, 2 and 3, respectively 


In table 


discharge from the hospital and during iodine administration of the 


37 patients who were thyrotoxic following operation and 


selected at 


Taste 3.—( 


lodine Sho 


is Soe 
J) are 


random 


omparts 


contrasted the basal metabolic rates at the 


tim 


ay 
4 


Patients Not 
Thyrotoxic after 


Patients 


Basal Metabo! Rate, per Cent Norma Operation Operatior 
30 or over ) 
+25 to 9 
0 to +24 
15 to 19 
10 to 14 2 
» to 
0 to 4 i 
>» to - l 5 
10 to 6 14 
15 to 1] ] 
Total 
*In the thyrotoxie group, one patient in the 0 to ’4 division and another 
10 to —6 division had omitted iodine for four and five days, respectively, before 
observation was made. These are inadequate lengths of time for the effect of iodine 
wear off. One patient in the +5 to ) group dic ot have any iodine during the perio¢ 
hospitalization, but the basal metabolism certainly would not have been any higher t 


this on iodine. 


operation. 


thyrotoxic following operation, the basal metabolism was plus 
cent or higher at the time of discharge (usually from ten to 

days after operation) when iodine was being administered, in no ca 
in the other series was it as high as plus 15 per cent under these con 


tions. In only 7 


than O at the time 


the nontoxic patients. 


(19 per cent) of the thyrotoxic cases was it lower 

of discharge, as compared with 23 (62 per cent) of 

\lthough the data are not extensive enough to 

warrant definite conclusions, a similar situation appears to have existed 


in the patients undergoing subtotal thyroidectomy in the days before 
iodine was used, except that the basal metabolism in those that remained 


thyrotoxic did not 


taneously. 


Whereas in 15 (40.5 per cent) of the 37 patients who we 


he disease d 


return to normal until t 


pat nts 


from the 153 who were not thvrotoxic following 
on of Basal Metabolic Rates uring } 

{fter Operation in Patients Who Wer } 

and m Those Wh lV ere Vot 


Thyrotoxie after 


isappeared spor 
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DURATION OF POSTOPERATIVE THYROTOXICOSIS 
Duration of Persistences.—In the five cases in which after a more 
or less protracted interval of iodine therapy iodine could be omitted 
for several months without the recurrence of symptoms, it was possible 
to estimate the duration of the postoperative thyrotoxicosis as follows: 
in case 2031, from three and three-fourths to four years; in case 2759, 
from two and one-half to three and one-sixth years; in case 


3913 (chart 4+), from one and one-half to two and two-thirds years; in 


case 3961, from one and one-fourth to two and one-fourth years, and 


in case 2077, 1 year; the average was from two to two and one-half 
years. It is to be noted that the duration may have been shortened 
by roentgen treatment in case 3961 and in case 2077, and by roentgen 


treatment followed by another subtotal thyroidectomy in case 2759. In 





Chart 4 (lab. no. 3913).—Control of persistent thyrotoxicosis by iodine until 
the disease disappeared. The disease was mild after operation and iodine held 
the basal metabolism at a standard normal level, in contrast to cases illustrated in 
charts 2, 7 and.9, in which it held it at a higher level. 
these cases iodine was administered for protracted periods after 
operation. 

In cases in which the basal metabolism was still high and there was 
clinical evidence of thyrotoxicosis at the time the patient was last 
seen, or in which the basal metabolism was normal and the patient was 
apparently well but was taking iodine, one can merely state the minimum 
time the patient was known to have had thyrotoxicosis after operation. 
In this respect, the remaining 30 cases may be grouped as follows: 
Thyrotoxicosis was present after subtotal thyroidectomy for at least 
from three to five months in 3 cases, from six to eleven months in 8, 
from twelve to twenty-three months in 10, from twenty-four to thirtv- 
five months in 4, from thirty-six to forty-seven months in 1, from 
fortv-eight to fifty-nine months in 1 and from sixty to seventy one 
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months in 3. While in the 5 cases in which it was possible to estimate 


the duration, the disease had disappeared within from one to tour years 
after operation, its disappearance was apparently hastened by additional 
treatment in 3 of these, and the foregoing data show that it may ofte1 
persist longer than this, for from four to six years, 1f not mere 

least 13 per cent of the cases (chart 5) 

Duration of Recurrences.—In case 2524 the duration of the recu 
rence was unknown. The patient was observed for only two months 
without medication at the time the disease recurred. 

In case 1812 (chart 3), the patient was free from symptoms 
showed a normal metabolism for six months after iodine was last 
omitted. The recurrence lasted at least for from one to two and 








Chart 5 (lab. no. 1915).—Prolonged persistence of exophthalmic 
regeneration of thyroid tissue in spite of two hemithyroidectomies and 


total thyroidectomy for exophthalmic goiter 


halt years while the patient was under observation, in addition to the 
unknown length of time it was present during the three year hiatus 


before he returned to the clinic for treatment. 


SCHEMATIC REPRESENTATION O}F PERSISTENCES AND RECURRENCES 


From the foregoing data it is possible to construct a schematic 
representation of the various courses of the basal metabolism following 
subtotal thyroidectomy for exophthalmic goiter (chart 6). If no iodin« 
is administered, the metabolism in the first few days after operatior 
may drop from a point B to a point C. Then it may follow any on 
of several courses. If a cure results, it follows the line CYO. If the 
disease persists, the metabolism may follow any course between CDO 
and CEDO;; that is, it almost never reaches a standard normal level 


until the disease disappears. If the metabolism drops much below 
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line CD and then rises, some regeneration of thyroid tissue can often 
be observed when it does rise. If the usual short, preoperative and 
postoperative courses of iodine are given, the metabolism may drop 
from a point 4 to a point X before operation. Then, if a cure results 
from thyroidectomy, it will follow the line X YO. If the disease per- 
sists, the course of the metabolism may lie anywhere between the lines 
XYDO and XYDO;; that is, it usually drops somewhat immediately after 
the operation, occasionally to a standard normal level. The subsequent 
rise usually follows the omission of iodine, and the line DO is intended 
to show the course of the metabolism when no iodine is being admin- 
istered. If a recurrence takes place, then at any point P in the line YO 


(the line YP usually covering at least several months) the metabolism 





























Schematic course of the basal metabolic rate in persistence and 
recurrence of exophthalmic goiter, in patients who do not receive iodine (upper 
half of chart) and in those who do receive it for a short period before and aiter 
subtotal thyroidectomy (lower half of chart) 


rises and may follow any course POO. The line DO has been extended 
to Fk to allow for occasional cases in which the disease seems to last 
indefinitely. 


Several variations of the courses described may be noted; for 


example, the severity of the thyrotoxicosis following operation, as 
measured by the height of the rate of basal metabolism, varies consid- 
erably from patient to patient. 


CAUSE OF POSTOPERATIVE THYROTOXICOSIS 


Miscellaneous Factors ——It may be seen from tables 4 to 6 that the 
iverage age, age limits, age distribution, sex distribution and duration of 
the disease at the time of operation were about the same in the toxic 
is in the nontoxic group. Not only was the average initial basal 


metabolic rate roughly the same in the two groups of patients, but the 





level to which iodine depressed the 
operation same in both. \ 


percentage of cases in the postoperative toxic group was fou 
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operation (tables 7 to 9). 
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Patients 
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Palpable Thyroid Tissue After Operation—In most of the cases 
of postoperative thyrotoxicosis palpable thyroid tissue was present 
The amount was estimated rather roughly by palpation, and is expressed 
in table 10 by the terms questionable, definite and considerable. In 
the “questionable” cases the thyroid tissue was sufficiently difficult to 
palpate to render its presence open to question. In the “definite’’ cases 
the thyroid tissue could be felt without difficulty and varied in amount 
up to 1.5 cm. in diameter. The “considerable” cases included all those 
in which there was a mass of 1.5 cm. in diameter or larger. Within 
the first one to two months after operation, palpation is often not 
especially valuable because of the induration about the scar. In many 
instances a definite amount of palpable tissue probably did not represent 
regeneration, but simply the tissue left by the surgeon; nevertheless 
there was unquestionably regeneration in many of the patients with a 
“considerable” amount of tissue. In some of the patients the amount 
of palpable tissue increased in size during observation. ‘This regenera- 
tion began shortly after operation and did not represent a true recur 
rence, but simply an effect of the persistence of the cause of the disease. 
A small amount of tissue could be felt in many of the postoperative 
nontoxic cases as well as in the toxic cases, but a “considerable” amount 
was almost always associated with thyrotoxicosis. Thyrotoxicosis with- 
out palpable thyroid tissue is occasionally encountered following thyroid- 
ectomy, but it is rare in our experience, only one mild case (case 3187) 
being noted in this series. 

Amount of Tissue Left in at Operation—The amount of tissue 
left in at operation was practically impossible to determine with any 
degree of accuracy, as in many cases the surgeon did not attempt t 
state in his operative notes the fraction removed, calling the operation 
simply a “subtotal thyroidectomy”; and even in cases in which the 
fraction was expressed, it was admittedly only a rough approximatior 
Therefore, instead of attempting to tabulate the amount of tissue left 
in situ, we tabulated the results of the individual surgeons in table 11. 
It may be noted that the combined results of the three surgeons who 
had performed the greatest number of thyroidectomies are definitely 
better than the combined results of ten other surgeons, each of whom 
had performed relatively few thyroidectomies. The percentage of cases 
of postoperative thyrotoxicosis was 14.4 for the first three surgeons 
and 36.3 for the ten others. We know from observation that the three 
surgeons who had the smallest incidence had performed more complete 
thyroidectomies than the others. It is fairly evident that experience 
in performing the operation is an important factor in preventing post- 


i 


operative thyrotoxicosis. 














One ot 


Preoperative and Postoperative Administration of lodine. 
the surgeons had the impression that postoperative thyrotoxicosis has 


hecome much more common since the preoperative use of iodine. Con 


table 12 we have compiled the data on the patients under- 


sequently, in 
thyroidectomy before this medication came into vogue. 


subtotal 


Long 


»perative Thyrotoxicosis According to Surgeons 


Patients Thyrotoxic 
After Operation 

Patients i —~ 

Operated On Number Per Cent 
85 11 12.9 
42 19.0 
19 5.3 
40.0 


2 100.0 
1 100.0 
1 0.0 
l 0.0 


K 
as 
Unknown 
190 
146 
44 


All surgeons ; 
Surgeons A, B and C*. 
The remaining 10 other surgeons 


* C, a thyroid surgeon, who retired shortly after the present study began, had done 


large number of thyroidectomies before 1923. 


TABI Incidence of Thyrotoxicosis Following Subtotal Thyroidectom) 


Before 1923,* According to Surgeons 


Patients Patients 
Followed for Thyrotoxie After 
3 Months or Operation 
More After —————-—- — — 
Operation Number Per Cent 
Cc ° . ‘ jvaseeerwacnpe R 21 “4 19.1 
\ : ane ee 1 9 10.5 
. . ah Nek Se Meeks made ban 1 1 100.0 


Kk 


Surgeor 
41 


* That is, before the use of iodine. 
+ If tables 11 and 12 are combined, the percentages of recurrences for A and C are equal. 


\s may be seen, the percentage of postoperative thyrotoxicosis before 
the days of the use of iodine was 17.1 as compared with 19.5 since the 
introduction of iodine. The majority of the foregoing operations were 
performed by two of the three surgeons (A and C) who now have the 
smallest number of persistences. It appears, therefore, that preopera- 
tive medication with iodine is not a determining factor. 

Practically all of the patients received iodine postoperatively for 


at least a week, that is, until discharge from the hospital, and many of 
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them received it continuously for several weeks thereafter. Many 
others received it intermittently shortly after discharge. In some of 
the toxic cases the postoperative thyrotoxicosis was first evident only 
after a continuous postoperative course of iodine for from one to four 
months had been omitted, although its presence often seemed obvious 
before this because of the large amount of palpable thyroid tissue. In 
most of the other toxic cases, it was evident at the time of the first 
postoperative basal metabolism determination, in spite of treatment 
with iodine. Thus the postoperative administration of iodine does not 
prevent the occurrence of thyrotoxicosis nor the regeneration of thyroid 
tissue. 
TREATMENT, INCLUDING THE RESPONSE TO IODINI 

Most of the patients received iodine at least intermittently atte1 
operation. In 10 cases its use was not continued long enough to dete: 
mine the patient’s response. In 3 of the remaining 27 cases little or no 
reduction in basal metabolism was noted during its administration, and 
in 3 others, only a temporary reduction. In 18 of the remaining 21 
cases the basal metabolism could be held at a more or less constant 
level for from months to years by continuous administration. In 1] 
of these the level to which iodine thus depressed the metabolism was 
plus 15 per cent or lower; in 6, from plus 16 to plus 20 per cent, and 
in 1 case, from plus 21 to plus 25 per cent.° In three cases the level to 
which iodine reduced the basal metabolism was somewhat inconstant and 
ranged between zero and plus 33 per cent. In general, the signs and 
symptoms of the disease in patients in whom iodine held the metabolism 
at a level of plus 15 to plus 25 per cent were only slight. In all cases 
showing only temporary improvement or none during the administra 
tion of iodine, there was a large amount of palpable thyroid tissu 
Various types of response to iodine are shown in charts 2 to 5 and 
7 to 10. 

In 6 cases a second operation was performed, with varying degrees 
of relief (usually complete). A second operation was recommended 
in 4 other cases; in 3 it was refused and in the fourth it is to be don 
soon. Roentgen treatment was given in 7 cases, with some improvement 
in 


5. The fact that in fifteen of the patients who were thyrotoxi 
operation the basal metabolism was plus 15 per cent or higher during th 
istration of iodine at the time of discharge from the hospital (table 3) 
related to the fact that in at least an equal number of patients, iodine did 
1 


hold the rate of basal metabolism constantly below plus 15 per cent after dis 


1 
charge. In a few patients, the level at which iodine held the basal metabolism 


was a little higher following than at the time of discharge. This sligh 
could be attributed to the elimination of rest, to a diminution in 
iodine or to an increase in the severity of s disea All three 


tactors 











Chart 7 (lab. no, 5581) —Failure of two extensive hemithyroidectomies t 


reduce the basal metabolic rate to normal in a case of exophthalmic goiter. There 


was marked regeneration of thyroid tissue following each operation. The thyro- 


toxicosis was controlled for fairly long periods by iodine 


Chart 8 (lab. no. 2375).—Progressive, but gradual (years) increase in the 
to which iodine depressed the high basal metabolism that persisted following 
a subtotal thyroidectomy for exophthalmic goiter. Some of this increase m 


be accounted for by a rather marked regeneration of thyroid tissue 


] } 
evel 


ay 


























Chart 9 (lab. no. 3477).—Typical persistence of exophthalmic goiter afte: 


subtotal thyroidectomy, with control of toxicosis by iodine continuous 





for four years after operation, except ig three short omissions of t 
medication. The patient married and was able to do housework and _ privat 
nursing during the period of observation, but some symptoms and signs <¢ 
disease were present, in addition to a large amount of palpable thyroid tissu 


second operation was therefore advised, and the patient finally consent 














Chart 10 (lab. no. 6397) —Typical persistence of exophthalmic goite: : 


of two subtotal thyroidectomies, with ¢ 


nly temporary improvement during 


administration of iodine. Marked regeneration of thyroid tissue was note 


1 
iow 


ing each operation 
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SUBTOTAL THYROIDECTOMY FOR EXOPHTHALMIC GOITER 
IN VARIOUS CLINICS 


The type of follow-up that includes both physical examination and 
the determination of the basal metabolism at fairly frequent intervals 
is essential to procure accurate information regarding the results of 
subtotal thyroidectomy for exophthalmic goiter. Unfortunately, many 
of the reports in the literature of the percentage of cures obtained with 
this form of treatment are based on a follow-up by letter or by one 
physical examination, and sometimes only on the condition of the patient 
at the time of discharge from the hospital. Such reports are prone to 
show too high a percentage of cures. Similar methods applied to our 
series would indicate fewer toxic cases. It is remarkable in some 
instances how consistently high the basal metabolism may be after 
operation (about plus 40 per cent) and yet be associated with signs and 
symptoms of only mild thyrotoxicosis (in cases 5272 [chart 2] and 
5944). Such patients often have few subjective symptoms and gain 
considerable weight, yet there are definite signs of the persistence of the 
disease that can be detected by careful observation.” Richter * remarked 
on the cases of 6 such patients in his series, who, in their own estima 
tion, might have been reported as cured. Then, if we had seen our 
patients only once several years after operation, some of the cases in 
which the disease persisted for a time and then disappeared would have 
heen missed. Figures based on the condition of the patient a week or 
two after operation would be almost worthless, because our patients, 
according to the routine followed in most clinics, were given iodine 
during the postoperative period in the hospital, which lasted about two 
weeks. 

Illott,s in 1926, from the Wesley Memorial Hospital, Chicago, 
reported on the recalling of 100 patients with hyperthyroidism (includ- 


ing 62 with exophthalmic goiter) on whom subtotal thyroidectomy had 


heen performed from six months to six years before the recall. The 
rate of basal metabolism was determined in 72 cases. In 50 it was 
normal, in 9 it was minus 10 per cent or lower, and in 13 it was plus 
10 per cent or higher. However, of the 70 who considered themselves 


6. Careful questioning and observation show that such patients present som 
or all of the following signs and symptoms: increased nervousness, emotional 
instability, insomnia, increased perspiration, palpitation, tachycardia and tremor. 
Compared with their preoperative state, the improvement in these patients is 
sometimes so marked that they consider themselves well. After treatment with 
iodine, however, they usually notice a further marked improvement 

7. Richter, H. M.: Thyroidectomy: Its Relation to the Cure of Thyrotoxi 
osis, J. A. M. A. 88:888 (March 19) 1927. 

8. Elliott, C. A.: The Control of Hyperthyroidism by Thyroidectomy 
Results in One Hundred Cases, J. A. M. A. 89:519 (Aug. 13) 1927 
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well, in 23 it was three months after the operation, in 21 within six 
months and in 14 after from one to three years. Only 4 patients in 
the whole series were considered to have thyrotoxicosis. Richter,’ of 
Chicago, in 1927 reported the results of “thyroidectomy” (evidently 
subtotal) in 100 cases of toxic goiter, of which 76 were of the exoph 
thalmic type. The duration of the follow-up was not given. In 6 cases 
there was a persistently high rate of basal metabolism after operation 
and a second thyroidectomy was required. The same author more 
recently * reported only “one definite failure to secure normal metabo 
lism in 447 consecutive patients that were available for study.” Frazier 
and Mosser,'® of Philadelphia, in 1928, reported a series of 100 cases ot 
exophthalmic goiter “thoroughly followed” on a five-year plan in which 
a physical examination was attempted four times the first year, twice 
the second year and once yearly thereafter. Some patients who lived 
far away reported by letter. The thyroidectomy was usually subtotal 
Several basal metabolic rates were determined but not reported. On the 
basis of an average postoperative interval of ten months, they said that 
71 per cent of the patients were entirely well, 19 per cent had residual 
nervous symptoms but no hyperthyroidism, 6 per cent had ‘“‘visceral 
changes” but no hyperthyroidism, 1 per cent had “persistent hyper 
thyroidism” unrelieved by operation and 4 per cent had “recurrent 
hyperthyroidism.” While Pemberton '! recently estimated the inci 
dence of postoperative thy rotoxicosis following subtotal thyroidectomy 
for exophthalmic goiter at the Mayo Clinic as “certainly not more than 
5 per cent,” he realized that “the accuracy of any estimate of incidence 


would depend chiefly on the thoroughness and number of examinations 


and the interval elapsing since the operation.” '* Jordan,’* in 1925, at the 
9. Richter, H. M.: Thyroidectomy, Surg. Gynec. Obst. 49:67, 1929 
10. Frazier, C. H., and Mosser, W. B.: End-Results from the Surgical 


Treatment of Hyperthyroidism, J. A. M. A. 90:657 (March 3) 1928. 
11. Pemberton, J. deJ.: 


Recurring Exophthalmic Goiter: Its Relation to tl 


Amount of Tissue Preserved in Operation on the Thyroid Gland, J. A. M. A 
94:1483 (May 10) 1930. 

12. The statistics of Judd (Results of Operations for Adenoma with Hyper 
thyroidism and Exophthalmic Goiter, Ann. Surg. 72:145, 1920) and of Pemberton 
(The End-Results of Surgery of the Thyroid Gland, Arch. Surg. 7:37 [July] 
1923) from the Mayo Clinic, based on a follow-up by letter of patients operate 


on in 1914 and 1916, respectively, and giving figures of 5.6 per cent and 11 per 
cent, respectively, for the incidence of postoperative thyrotoxicosis, are not directly 
pertinent here, as the type of operation varied greatly. Pemberton made stat: 
ments regarding the interval histories of the patients, which suggest that the inci 
dence a shorter time after operation may have been higher than 11 per cent. May 
in Keen’s “Surgery” (Philadelphia, W. B. Saunders Company, 1921, vol. 8, p 
25), in speaking of the results of thyroidectomy, said that “in at least 10 per cent 
of simple and hyperplastic goiters operated on, there is some degree of recurrence 
Ochsner, of Chicago (End-Results of Goiter Operations, Ann. Surg. 80:388 
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Lahey Clinic, noted that 6.7 per cent of their patients with exophthalmic 
goiter failed to show a normal basal metabolism six months after sub- 
total thyroidectomy. Smith, Clute and Strieder,’* in 1928, at the same 
clinic, in following 100 cases of hyperthyroidism by physical examination 
and determinations of basal metabolism for one year or more after 
subtotal thyroidectomy observed 7 patients with persistence of the dis- 
ease. Kessel and Hyman’ of New York, in 1927, reporting results in 
60 cases of exophthalmic goiter two years after subtotal thyroidectomy, 
said that 15 patients had marked exacerbations at one time or another 
after operation and 18 others had mild residual symptoms. In only 
7, however, was the basal metabolic rate higher than plus 18 per cent 
at the last reading. Mason ’?® of Seattle, in 1920, in a follow-up by 
letter in 42 cases of subtotal thyroidectomy for exophthalmic goiter, 
found a second operation necessary in 12 per cent. Waits,’? in 1922, 
in a letter follow-up from one to six years after operation (usually 
subtotal) for exophthalmic goiter, said that 11 per cent of the patients 
who answered had a “slight return of goiter.” One of the patients 
had a second operation. Brodersen and Harbitz,!* in 1927, reported 
87.4 per cent of the patients cured, 11.5 per cent improved and 1.1 per 


cent worse, from one to four years after subtotal thyroidectomy for 


exophthalmic goiter ; 5.7 per cent had undoubted or questionable relapses. 
lLadwig,'® in 1925, had good results in 21 of 35 cases, fair in 6 


1924), on the basis of a follow-up by letter, reported an incidence of 24 per cent 
in a series operated on during the period from 1913 to 1923. Jackson (Goiter and 
her Diseases of the Thyroid Gland, New York, Paul B. Hoeber, Inc., 1926, p. 
2) said that the incidence of recurrences in his cases before the days of medi 
cation with iodine was 2 per cent. None of these writers, however, specifies the 
type of operation. 

13. Jordan, S. M.: Basal Metabolic Rates and Their Relation to End-Results 
in Thyroid Disease: A Statistical Study, Arch. Surg. 11:1 (July) 1925. 

14. Smith, L. W.; Clute, H. M., and Strieder, J. W.: The Results in One 
Hundred Consecutive Cases of Hyperthyroidism Operated Upon, Surg. Gynec 
Obst. 46:325, 1928. 

15. Kessel, L., and Hyman, H. 1 
Nervous System: XVI. The Influence of Subtotal Thyroidectomy with and 
without Compound Solution of Iodine on the Course of the Disease, Arch. Int. 
Med. 40:623 (Nov.) 1927. 

16. Mason, J. T.: Mistakes in One Hundred Thyroidectomies, with Descrip- 
tion of a New Method of Thyroid Cauterization in Treating Exophthalmic Goiter, 
J. A. M. A. 75:160 (July 17) 1920. 

17. Waits, C. E.: Preoperative and Postoperative Studies in Goiter, J. M. A 
Georgia 11:355, 1922. 


18. Brodersen, N. H., and Harbitz, H. F.: Morbus Basedowii und Ergebnis 


Exophthalmic Goiter and the Involuntary 


seiner operativen Behandlung im Krankenhaus in Drammer, Acta chir. Scandi- 
nav. 61:107, 1927. 

19. Ladwig, A.: Nachuntersuchungen an Basedow-Operierten. Ein Beitrag 
um Basedow-Problem, Arch. f. klin. Chir. 187:367, 1925. 
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and poor in 8 (nearly 25 per cent), from one to thirteen veat 
after subtotal thyroidectomy. Porter,* at the Massachusetts Gen 
eral Hospital in 1923, observed the basal metabolic rates in 28 
of his 50 patients with toxic goiter on whom he had performed a 
subtotal thyroidectomy during the period between 1904 and 1921. In 
none was the basal metabolism above plus 10 per cent. It is to be noted, 
however, that some of these determinations of basal metabolism were 
made so.long after operation that cases of temporary postoperative 
thyrotoxicosis may not have been detected. Thus Richardson,*’ also 
of the Massachusetts General Hospital, in 1923, in a one and one-half 
year follow-up which included physical examinations and determinations 
of the basal metabolism in 30 patients who had undergone subtotal thy 
roidectomy for exophthalmic goiter reported 5 cases (17 per cent) with 
postoperative thyrotoxicosis. 

Thus it may be seen that the incidence of thyrotoxicosis atter sub 
total thyroidectomy for exophthalmic goiter, as given in the literature 
ranges from about 0.25 to 25 per cent, many of the estimates falling 
in the vicinity of from 5 to 7 per cent. Our average of 19 per cent 
may appear high and give the impression that the end-results at the 
Massachusetts General Hospital have not been so good as those obtained 
elsewhere, owing perhaps to inadequate surgical measures. We are 
convinced that this does necessarily follow. From personal observation, 
we know that in some of the clinics from which the lower percentages 
have been reported the routine operation has been considerably less 
extensive than that carried out by the surgeons who have performed 
the most thyroidectomies at the Massachusetts General Hospital. Thi 
difference in incidence may be attributed in part to the manner in which 
the patients were followed. So far as clinical symptoms are concern 
our 37 postoperative toxic cases could be listed as follows: muc!l 


5 ac en iain " . ein ot | — wate + . ee Baa ie 
iunprovement in 26 cases (70 per cent), moderate improvement 


I 


cases (27 per cent) and no improvement in 1 case (3 per cent) 


SCARCITY OF TRI 


RECURRENCES 


One outstanding feature of our study was the small number of recut 
rences, that is, cases in which the disease disappeared after operation 
and then recurred. In striking contrast to this conclusion was that of 
Pemberton ™ that most cases of postoperative thyrotoxicosis are recur 
rences and only a small number persistences. It is possible that this 
difference between the two conclusions may be attributed in part to the 
fact that Pemberton was unable to make frequent observations on his 
patients during the interval between the first and second operations. The 
marked predominance of persistences has been observed by Lahey and 


20. Ri¢hardson, E. P.: Relative Value of Surgerv and Roentgen R 
Treatment of Hyperthyroidism, J. A. M. A. 80:820 (March 24) 1923 
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Clute“! Of their 24 cases of thyrotoxicosis following subtotal thyroid- 
ectomy for exophthalmic goiter, there were persistences in 19 and recur- 
rences in 5. In the recurrent cases there were no symptoms for an 
average of two years after operation, but in one case they were absent 
for only a few months. Richter * remarked on the slight incidence of 
true recurrences. ‘This scarcity of recurrences enables us to make the 
general statement that if after subtotal thyroidectomy for exophthalmic 
goiter the basal metabolism drops to normal and remains there when 
iodine is not being administered, for as long as two months,** a cure can 
almost be assured. 


It is also of prognostic interest that a basal metabolic rate of plus 


15 per cent or higher during the administration of iodine for from ten 


to fourteen days after operation, usually means that the disease has not 
been abolished. On the other hand, if the basal metabolism is normal 
for from ten to fourteen days after operation and iodine is being admin- 
istered, a cure can by no means be assured. While the data are not 
extensive enough for one to draw definite conclusions, it appears that 
similar prognoses may be made regarding patients who do not receive 
iodine during the immediate preoperative and postoperative periods. 
However, if the basal metabolic rate is normal for from ten to fourteen 
days after operation in these patients it can usually be assumed that 
the disease has disappeared. Segall and Means,** and Richardson and 
Means ** observed that in cases in which the patients were apparently 
cured by subtotal thyroidectomy before the days of the use of iodine 
the basal metabolism was usually normal within two weeks after 
operation. 
CHRONICITY 

The chronicity of postoperative thyrotoxice sis 1s Of interest. Good 
examples of this are given in charts 5, 8 and 9. In the cases of 
persistence in which measurement was possible, the shortest duration of 
the disease in a patient who received no other treatment after operation 
except iodine was one and one-fourth years. In two thirds of the 

21. Lahey, F. H., and Clute, H. M.: Persistent and Recurrent Hyperthyroid- 
ism, Ann. Surg. 83:199, 1926 

22. This figure is made to err on the side of conservatism, in order to allow 
ample time for the effect of medication with iodine to wear off. An interval of 
one month would be sufficient for practically all cases. 

23. Segall, H. N., and Means, J. H.: The Immediate Effect of Subtotal Thy- 
roidectomy in Toxic Goiter, Arch. Surg. 8:176 (July) 1924. 

24. Richardson, E. P., and Means, J. H.: Results of Surgery and of Surgery 
Combined with Roentgen Ray Treatment in Exophthalmic Goiter, Arch. Surg 
2:237 (Sept.) 1924. Means, J. H., and Richardson, E. P.: Diseases of. the 
Thyroid, Oxford Monographs on Diagnosis and Treatment, New York, Oxford 
University Press, 1929, vol. 4, p. 208. 





THOMPSON ET AI HYROTOXICOSIS 


cases of persistence the disease lasted for at least a year; in one quarter 
of the cases it persisted for at least from two to six years, without 
indication that it was coming to an end. Incidentally, one patient who 
was first operated on for exophthalmic goiter in the Massachusetts 
General Hospital in 1909 still had the disease in moderately severe form 
in 1927 in spite of two more thyroidectomies ; that is, in this case there 
was a persistence of at least nineteen years. In one of the cases of 
recurrence in this series (chart 3), the thyrotoxicosis lasted a minimum 
of one year and possibly for from three to four years. We had great 
difficulty in finding a case in which the disease ended after a few months. 
The case of one patient in whom it apparently did so is not included 
in this study, because we were somewhat uncertain as to whether or 
not she was thyrotoxic after operation. The gain in weight and the 
diminution in nervousness, however, when the basal metabolic rate of 
this patient dropped to normal seven months after operation make it 
appear probable that she had thyrotoxicosis during the immediate post 
operative period. Clute** gave the duration of persistences at th 
Lahey Clinic as from three months to fourteen years. It would b 


of interest to know what effect, if any, subtotal thyroidectomy has on 


the duration of the disease in these cases. 

Not only was postoperative thyrotoxicosis a chronic condition in our 
cases of persistence, but it rapidly reached a steady state, and remissions 
were not noted, except those associated with the administration of 
iodine or the ending of the disease, and relapses were not observed, 
except those associated with the omission of iodine. This, together with 
the scarcity of true recurrences, leads us to wonder whether the remis- 
sions and relapses in the disease are not overemphasized. Either this 
is true, or else the thyrotoxicosis is different in this respect after 
tion than before. 


CAUSE, INCLUDING RELATION TO EXTENT OIF rHYROIDECTO 


Several observers ** agreed that one of the chief causes of thyri 


toxicosis following subtotal thyroidectomy is the removal of too little 
thyroid tissue. In our series, this idea is supported by the fact that the 
surgeons who did the most complete thyroidectomies had definitely the 
25. Clute, H. M.: Hyperthyroidism 
Necessity for Postoperative Examinations 
America 6:691, 1926. 
26. Else, J. E.: Prevention of Recurret oiter, S. Clin. Nort! 
8:1375, 1928. Gilman, P. K., and Kay, W. E.: Certain Advantages 
Thyroidectomy in Selected Cases of Thyrotoxicosi f the Exophthalmic 
Am. J. M. Sc. 175:350, 1928. Lahey, F. H.: Review of Another Year’s Worl 
with Thyroid Disease, Boston M. & S. J. 190:153, 1924. Elliott (footnote & 
Frazier and Mosser (footnote 10). Smith, Clute and Strieder (footnote 14 
Waits (footnote 17). Clute (footnote 25 
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smallest percentage of persistences; by the fact that the thyrotoxicosis 
represented primarily a persistence of the disease rather than a recur- 
rence, and by the fact that there was no outstanding difference before 
operation between the patients who were thyrotoxic following operation 
and those who were not. It may have been because operation was per- 
formed by the less experienced surgeons in a much larger percentage 
of cases in 1928 than in preceding years that the incidence was so high 
in that year. Else ** reported that he has observed a considerable 
increase in the number of “recurrences” since “‘unspecialized general 
surgeons” have been doing goiter operations. Levin ** was under the 
impression that ‘‘recurrences” are more common in goitrous areas, in 
which presumably lack of iodine is a factor. 

The cause of true recurrences is not so easily explained. Just as 
the cause of the initial appearance of the disease is unknown so is it at 
present unknown why the condition should again become active after a 
period of quiescence. Pemberton" stated the belief that infections, 
overwork, worry, fright, shock, pregnancy and operations are important 
factors in recurrences. As stated previously, postoperative thyrotoxi- 
cosis, in general, seemed to be associated with the presence of a consider- 
able amount of palpable thyroid tissue, and the amount was usually large 
in those patients who showed only temporary improvement during the 
administration of iodine. In the cases in which the disease finally dis- 
appeared and in which data were available (in case 1812, chart 3; in 
case 3913, chart 4, and in cases 2031, 2759 and 3961), the palpable 
tissue decreased markedly, usually to the point of becoming nonpalpable. 
Thus there was a rough parallelism between the amount of palpable 
tissue and the degree of thyrotoxicosis. It is of some diagnostic interest 
that, following subtotal thyroidectomy, an amount of thyroid tissue 
sufficient to be palpated with ease usually means that thyrotoxicosis 1s 
present. There are, of course, cases of severe postoperative thyro- 
toxicosis occasionally encountered in which no thyroid tissue can be 
palpated. Phemister ** had a patient in whom two nodules, which at 
operation were only the size of a pea, were causing a severe persistence 
with a rate of basal metabolism of plus 50 per cent. Lahey and Clute,” 
however, remarked that they had repeatedly been surprised at the size 
of the remnant at operation when none could be palpated beforehand, 
probably because it was situated on the posterior lateral aspects of the 
trachea. 


27. Else (footnote 26, first reference) 

28. Levin, S.: Comparative Study of 100 Subtotal Thyroidectomies from a 
Single Goiter Zone, J. Michigan M. Soc. 24:527, 1925. 

29. Phemister, in Miller, J. L.: Thyrotoxicosis from the Internist’s Stand- 
point, Am. J. M. Sc. 177:98, 1929. 
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In such patients the disease must differ in some fundamental respect 
from that in the large number of cases in which it apparently comes 
to an end following one extensive thyroidectomy. If the reason for 
the new growth of thyroid tissue is merely that the cause of the disease 
is still active, it is remarkable that in at least 80 per cent of the cases 
of exophthalmic goiter the condition appears to be permanently cured 
by one subtotal thyroidectomy. It is difficult to understand why the 
cause of the disease should apparently suddenly cease to act altogether 
in such a large proportion of cases. The result one would expect 
vould be a persistence of the disease in a mild form, according to the 
proportion of the gland left in situ. It is possible, of course, that the 
gland, having already shown marked hyperplasia, is unable to respond 
thus still further to any but strong stimuli. In this connection it is of 
interest that all of the cases like the three already mentioned, in which 
the disease showed such a striking tendency to persist, were in patients 
who originally had the disease in severe form, and in whom the accom- 
panying emotional instability was marked. Certainly some powerful 
stimulus must be stimulating the thyroid in such a patient as in case 
5581 (chart 7) in order to cause the lobe left in situ to double in size 
and the remnant on the hemithyroidectomized side to show marked 
proliferation. 

The regrowth of thyroid tissue, although it may be marked, rarely 
reaches the size of the gland before surgical measures are used. This 
is probably the reason that the patients, although toxic, show improve- 
ment—there is merely a smaller mass of tissue to secrete the toxic 
igent, which is thus presumably secreted in smaller amount. 


[HE RESPONSE TO IODINE 

On the whole, the response to iodine was much more satisfactory in 
this group than in an unselected group of patients with exophthalmic 
goiter who had not been otherwise treated. As previously demonstrated, 
in many cases the basal metabolic rate could be held at a constant level 
and the symptoms of thyrotoxicosis more or less completely controlled 
as long as iodine was continuously administered. These good results 
with iodine are possibly to be attributed to the decrease in the severity 
ot the disease caused by operation, for, as we have shown,*° there is a 
group of mild cases in which it is possible to treat the patients satis- 
factorily by iodine alone, whereas moderately severe and severe cases 
rarely show more than temporary improvement. It seems that similarly 
many of these cases of postoperative thyrotoxicosis can be carried along 


30. Thompson, W. O.; Thompson, P. K.; Brailey, A. G., and Cohen, A. C.: 
Prolonged Treatment of Exophthalmic Goiter by Iodine Alone, Arch. Int. Med. 
45:481 (April) 1930 
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for years on such a regimen and, at least in some instances, until the 


disease disappears (case 1812, chart 3; case 3913, chart 4, and case 


2031). Read * and Jackson ** reported satisfactory control of post- 
operative thyrotoxicosis by the use of iodine. At the Lahey Clinic, 


Smith, Clute and Strieder** reported that of 7 cases of persistenc 
only 2 were uncontrolled by iodine. In reports trom the same clinic 
by Clute *° and Lahey and Clute,** however, it was stated that in several 
of the cases in which there was thyrotoxicosis following operati 

iodine was administered for a year or more, usually with temporary, but 
in no case permanent, improvement. In our series it was more commo! 
to remain depressed at a more or less 


constant level as long as iodine was continuously administered, tl 


for the rate of basal metabolism 


for the depression to be only temporary. It is a matter of considerable 
interest that while the metabolism could be held at a fairly constant 
level by the administration of iodine in so many cases, there were on] 
6 cases in which it was constantly held below plus 10 per cent 

But for the use of iodine postoperatively, more of these patients 
would have come to second operation; incidentally this is a different 


matter from the number of patients having persistence of the disease. 
The fact that the basal metabolism can be held at a constant level by 


iodine, however, does not necessarily mean that the result is entirely 
satisfactory. The best results would probably be secured by reoperating 
in all cases in which the basal metabolism cannot be held indefinitel 

at plus 15 per cent or lower by the administration of iodine.*? Whil 
in some patients in whom it is held at this or a slightly higher level the 
thyrotoxicosis is held fairly well in check, nevertheless a few signs a1 
symptoms may be detected by careful observation. There is reason 

suppose that the continued maintenance of a basal metabolic rate ot 
from plus 15 to 25 per cent for several years may result in damage t 


the circulatory and other systems. For example, in a girl, aged 16 ( 


1 


da 
no. 5040, not in this series), the slight load imposed on a damage 
heart (rheumatic) by mild postoperative thyrotoxicosis (with a metal 


olism of plus*25 to 30 per cent in spite of medication with iodine) cause 
symptoms of mild cardiac failure. When load was removed b 


this 


1 


second operation (subtotal) and the basal m« 


+ |] + 


er 
abolism was restored 


normal, these symptoms disappeared and the patient’s heart was 


to meet the demands of ordinary routine. In a patient whose heart 

31. Read, J. M.: The Use of Iodine in Exophthalmic Goiter, Endocrin 
8:746, 1924 

32. Jackson, A. S.: Goiter and Other Diseases of the Thyroid Gland, > 
York, Paul B. Hoeber, Inc., 1926 

33. This will automatically include most patients with a large amount of 


palpable thyroid tissue. Treatment with roentgen rays is, on the whole, a rat 


unsatisfactory method 
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was not diseased, similar cardiac symptoms would rarely result from 
the same degree of thyrotoxicosis. Nevertheless, it seems reasonable 
to suppose that the extra load thus thrown on the heart probably causes 
some damage which, although not obvious at the moment, may show up 
in the course of time. 

Else ** and Levin ** claimed that the postoperative administration 
of iodine prevents the regrowth of thyroid tissue after subtotal thyroid- 
ectomy for exophthalmic goiter; and Richter * that it at least tends to 
lessen the number of recurrences. Marine and Lenhart *° showed that 
the administration of iodine will prevent compensatory hyperplasia 
following partial removal of the thyroid in normal animals or in thos¢ 
with colloid goiter. This is a different matter, however, from preventing 
hyperplasia in the gland in exophthalmic goiter. On the other hand, 
Miller,*° Clute *° and Sloan ** claimed that the postoperative adminis- 
tration of iodine does not prevent the regeneration of tissue or recur- 
rence in exophthalmic goiter glands after thyroidectomy. Our observa- 
tions appear to support this hypothesis. In other words, iodine does 
not seem to affect the cause of the disease. It follows that from the 
standpoint of prevention of postoperative thyrotoxicosis it is immaterial 
for how long the administration of iodine is continued after operation. 


RELATION OF EXTENT OF THYROIDECTOMY TO MYXEDEMA, TETANY 
AND PARALYSIS OF THE RECURRENT LARYNGEAL NERVE 

rhe large percentage of persistences in our series may not be an 
unmixed evil. We (W. O. T. and P. K. T.) ** showed that true post 
operative myxedema (not merely low basal metabolism) is at present 
a comparatively rare phenomenon at the Massachusetts General Hos 
pital (about 1 per cent of the cases in which operation was done). 
Richardson °° believed that “‘the removal of too much thyroid tissue is 


very improbable if the operation is carried out with due regard for th 


safety of the parathyroid glands and recurrent nerves.” In certain other 


34. Else, J. E.: Regeneration of the Thyroid Gland and the Prevention of 
Recurrent Goiters, J. A. M. A. 89:2153 (Dec. 24) 1927. 

35. Marine, D., and Lenhart, C. H.: Relation of Iodine to the Structure of 
Human Thyroids: Relation of Iodine and Histologic Structure to Diseases in 
General; to Exophthalmic Goiter; to Cretinism and Myxedema, Arch. Int. Med 
4:440 (Nov.) 1909. 

36. Miller, J. L.: Thyrotoxicosis from the Internist’s Standpoint, Am. J. M. 
. 177:98, 1929, 
37. Sloan, H. G., in discussion of article by Else (footnote 34). 


38. Thompson, W. O., and Thompson, P. K.: Temporary and Permanent 
Myxedema Following Treated and Untreated Thyrotoxicosis, J. Clin. Investigation 
6:347, 1928. 


39. Richardson, E. P.: Personal communication to the authors. 
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Boothby ** were under the impression that postoperative tetany has 
increased since subtotal thyroidectomies have become more extensive. 
There were 3 patients with postoperative tetany among the 266 patients 
operated on during the six year period included in our study. Two 
cases occurred in patients who were not thyrotoxic after operation. 
One of these patients died shortly after operation. In the other, the 
signs and symptoms of tetany practically cleared up, although the con- 
centration of calcium in the serum remained rather low. In the third 
patient, the tetany was still marked up to the time of writing. The first 
2 patients were among those operated on by a surgeon who had one of 
the smallest number of persistences. The third patient (no. 6397, chart 
10 in this study) was among those operated on by another surgeon 
who had a high percentage of persistences, which he was much inter- 
ested in reducing. On this patient he performed two subtotal thyroid- 
ectomies, and at the second operation he made the removal of the 
remaining thyroid tissue much more thorough than was his usual prac- 
tice. Nevertheless, he took care to identify and to leave two parathy- 
roids, so that tetany was apparently an unfortunate coincidence. 

Paralysis of the recurrent laryngeal nerve has not been common at 
this hospital and has usually been transient in its effect on phonation. 
It may occur following incomplete thyroidectomy. 

In the hands of the average surgeon, more radical thyroidectomies 
would probably mean more tetany, more recurrent paralysis of the 
laryngeal nerve and more laryngeal edema. It is our impression, how- 
ever, that there is about as little danger of these complications when 
an experienced surgeon does an extensive thyroidectomy as when an 
inexperienced one does a much less extensive operation. 


— 


SUMMARY 

Of 190 cases of exophthalmic goiter in which the patients underwent 
subtotal thyroidectomy during the years 1923 to 1928 at the Massachu- 
setts General Hospital and which were followed for from three months 
to nearly six years after operation with frequent physical examinations 
and tests of basal metabolism, 37, or 19.5 per cent, showed definite 
clinical evidence of postoperative thyrotoxicosis with basal metabolic 
rates ranging from plus 19 to plus 63 per cent without medication. 

In only 2 instances was there evidence that it was a true recurrence 
rather than a persistence of the disease. In 3 cases, however, regenera- 
tion of thyroid tissue was observed in association with a persistence. 
This condition was sometimes noted in spite of the administration of 
iodine and repeated subtotal thyroidectomies. 





42. Boothby, W. M., in discussion of article by Elliott (footnote 41). 























HOMPSON 


The postoperative thyrotoxicosis lasted trom about 
in the 3 cases in which it finally disappeared without further 


measures or roentgen treatment. It laste 


others and at least from four to six years in 4 others 


The degree of thyrotoxicosis was usually not severe; with a si 


exception, it was less than before operation. All of the patients resum¢ 


their customary occupation, although under a definite handicay 


instances in which the disease persisted in moderately severe 
severe form. 
} 


In 18 cases the basal metabolism could be held at a constar 


for from months to years by the prolonged administration o 


In 10 cases in which iodine was ineffective, or eventually becam« 


or in which it did not abolish the thyrotoxicosis com} l 


reoperation was recommended. In 7 cases roentgen therapy was tri 


with fair results in 5 instances. 


From a preoperative standpoint, there was no definite distinguishi 


mark between those patients who had tl 
and those who did not. 


There was a rough parallelism between the amount of thyr 


palpable after operation and the degree of thyrotoxicosis. 


The surgeons who did the most radical thvroidectomies (syn 
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vrotoxicosis following opet 


in general with those who had the most experience) had definite 


smaller percentage of cases of postoperative thyrotoxicosis than 
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1 
( 


Al 


if 


he 


surgeons who had less experience and who usually did less extensiv 


thvroidectomies. 


In the cases of persistence of the lisease, we noted no 


except those caused by the omission of iodine, and no remis 


except those caused by its administration and the disappearan 


the disease. 


Thvrotoxicosis following a subtotal thyroide or exo 
goiter appears in most cases to be caused by the removal ¢ 


thyroid tissue at the time of operati 


A reduction in the incidence of postoperative thyrotoxicosis 


an increase 1n the incidence ot myxedema, tetany or paralysi 


recurrent larvngeal nerve, however, will occur only when more 


thyroidectomies are performed by surgeons specially trained t 


tvpe of work. 


Owing to the marked propensity of the remnant of thyrot 


to regenerate shortly after operation in some cases, it is probably 


sible at present to prevent a certain amount of persistence of tl 


no matter how complete the thyroidectomy (exclusive of compl 


pation) and by whom it is performed. 
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li the basal metabolism is plus 15 per cent or higher for from ten 
to fourteen days after a subtotal thyroidectomy for exophthalmic goiter 
and if the patient is receiving iodine during this period, it is probable 
that the disease will persist. On the other hand, a normal metabolic 
rate under these conditions does not mean that the disease has been 
abolished. 

If, following subtotal thyroidectomy, a patient has a normal metab- 
olism for as long as two months during a period in which he is not 
receiving iodine, the danger of his having the disease again is slight. 

Thyrotoxicosis is almost always present if following subtotal thyroid- 
ectomy for exophthalmic goiter there is an amount of thyroid tissue 
sufficient to be easily palpable. 

It is probably desirable to reoperate on all patients in whom the 
basal metabolic rate cannot be held at or near the standard normal level 
by the continuous administration of iodine until the disease disappears. 

The favorable response to prolonged medication with iodine noted 
in many patients after subtotal thyroidectomy is similar to the favorable 
response noted in many patients who have the disease in mild form 
but who have not been otherwise treated, and may be the result of 
reduction in the severity of the disease following operation. 

The postoperative administration of iodine does not prevent the 
regeneration of thyroid tissue or a persistence of thyrotoxicosis. 

The marked chronicity of the thyrotoxicosis following subtotal 
thyroidectomy suggests that in such instances the disease may last as 


long as it would have if no operation had been performed. 


See nee 


a 














THE NEUTRAL RED TEST IN PERNICIOUS 


S. J. COH D 
M. J. MATZNI 
IRVING GRA’ 


During the past year we were able to demonstrate the presenc 
injected neutral red in th istric extractions of three patient 
: pernicious anemia. ‘These determinations prompted us to make 
report. 

The use of neutral red has been advocated in the stu f the 


gastric secretory function. Fuld liscovered that neutral 1 V 


appear in a Pavlov pouch after the dye was placed in the large stor ] 
Several vears later, Finkelstein > found that it was practically the o1 


dyestuff eliminated in appreciable quantities in the Pavlov pouches 


dogs after intramuscular administration. One vear later, Glaessnet 


Wittgenstein * applied this fact clinical 








Davidson, Willcox and Haagensen * concluded that neutral red w 


excreted in achylia accompanying every condition except pernicious 


anemia. In their studies, they investigated eight cases of pernicious 


It 


conte ete 


anemia, and did not recover neutral red in the gastric extractions afte1 


susan 


two hours. Their statement that the absence of the dve in perniciou 


i 

4 ot m4 . 11 

} anemia, in contrast to 1ts excretion even in small amounts In cat OT 
with anacidity, and secondary anemia with anacidity, is of definit 

: tical value. 


; In a recent communication, Winkelstein and Marcus ® stated that t1 
achlorhydria occurs in a variety of conditions, and that the failure 


neutral red to appear is linked with the absence of the acid and is 


* Submitted for publication, April 21, 1930 
/ From the medical service of Dr. Meyer Rabinowitz, Gastro-Intest 
j x " ‘ - i “_< y ¢ 
j ervice of Dr. Irving Gray and the Department of Pat gy, Jewish Hospita 
; Brookly 


23. 
4. Davidson, P. B.; Willcox, E., and Haagensen, C. D.: Gastri 
f Neutral Red, J. A. M. A. 85:794 (Sept. 12) 1925 


5. Winkelstein, A., and Marcus, J.: Excretion of Neutral Red in the St 
hylia Gastrica, J. A. M. A. 92:1238 (April 13) 1929 
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determined by the type of disease present. They were impressed with 
the fact that a single and, occasionally, a repeated Rehfuss fractional 
test meal is not enough to establish the diagnosis of true achlorhydria 
or achylia gastrica. In the group of false diagnoses of achylia a small 
amount of acid is produced and is neutralized by duodenal regurgitation 
or perhaps by the protein from a gastric carcinoma or other neoplasm 
that is breaking down. Winkelstein and Marcus stated that they did 
not encounter one case of pernicious anemia in which neutral red was 


excreted. 


METHOD OF DETECTION OF NEUTRAL RED IN EXTRACTED 
SPECIMENS 


A Rehfuss tube is introduced into the “fasting stomach,” and the stomach is 
vashed with water until the contents return water clear. Two cubic centimeters 
f a 2 per cent solution of neutral red (40 mg.) is injected intramuscularly into 
the gluteal region. The stomach is then aspirated every fifteen minutes for two 
ours. Each specimen is kept in a separate test tube. In cases in which there 
is very little or no gastric secretion, a quantity of water, 15 or 20 cc., is intro- 

duced into the stomach through the tube and aspirated at the end of the fifteen 
minute periods. 

The gastric contents are then treated in the following manner: To 15 or 20 
ce. of the contents of the stomach, approximately 2 Gm. of tribasic lead acetate 
is added, and the tube shaken. If the contents seem to contain a large quantity 
of bile, about 1 Gm. of purified animal charcoal is also added. This is filtered 
through filter paper, and within a few minutes sufficient filtrate is obtained to 
till a small test tube. When smaller quantities of the contents of the stomach 
ire used, proportionate amounts of the lead acetate and charcoal are employed 
\ few drops of glacial acetic acid are added to the filtrate while it is viewed 
against a pure white background (such as white paper) and while a control tulx 
vith plain water is held next to it. When neutral red is present the solution will 
hegin to assume a pinkish color within a few seconds. The depth of the color is 
proportional to the concentration of the dye. We have not attempted to determine 


€ quantitative output of the neutral red. 


REPORT OF CASES 


Case 1.—C. B., a woman, aged 38 years, six weeks prior to admission to the 
hospital began to complain of increasing weakness, discoloration of the skin and 

tingling sensation in the fingers. The patient showed an icteric tint to con- 
unctiva, marked atrophic glossitis, a hard spleen, the absence of knee jerks, 
diminished deep reflexes, blurred disks and retinal hemorrhages. 

The results of a roentgen examination of the gastro-intestinal tract were nega- 
tive. The gastric extraction on admission to the hospital showed: free acidity, 
0 00 0 0 0; total acidity, 5 0 10 12 10 5. The guaiac reaction was negative 
Gastric extraction two weeks later showed: free acidity, 0 0 0 0 0 0; and total 


acidity, 10 12 38 50 20 10. The guaiac reaction and the test for lactic acid were 
negative. The blood count on admission showed: red blood cells, 1,596,000 per 


mm.; white blood cells, 2,400 per cmm., and hemoglobin (Dare), 28 per cent 


The color index was 0.9. The differential count showed: polymorphonuclears, 
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There was marked anisocytosis, m 
tosis, and slight microcytosis. 
Case 3.—M. W., a woman, aged 51 


plained of numbness, weakness « 
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Examination showed marked pallor, atrophy of the marginal papillae of the tongu 





presence of the knee jerks, the loss of vibratory sensation and a 

tactile sensation in the lower extremities. The Babinski sign was present on thi 
patient’s right side. The results of the roentgen examination of the gastro- 
intestinal tract were negative Repeated gastric analyses showed no free hydro- 


chloric acid (one study was made with histamine as the gastric stimulant). 
The blood count showed: red blood cells, 2,140,000; white blood cells, 3,800, 
and hemoglobin (Dare), 50 per cent. The color index was 1.1. The differential 
unt showed: platelets, 170,000; polymorphonuclear neutrophils, 63 per cent; 
polymorphonuclear eosinophils, 1 per cent, and small lymphocytes, 36 per cent. 
Macrocytosis and polychromasia were moderate; microcytosis was slight. 


There was a reticulation of 0.5 per cent 


COMMENT 


We are not able to state whether the neutral red recovered in the 
gastric extractions of these patients was actually secreted by the gastric 
glands or whether it was regurgitated from the duodenum into the 
stomach. [°xperimental work in herbivorous and omnivorous animals 
by Piersol, Bockus and Banks ® definitely showed that neutral red is 
excreted to a considerable degree in the bile as well as in the intestinal 
glands from the duodenum to the ileum. The possibility that the dy« 
might be swept back into the stomach by duodenal regurgitation, par- 
ticularly in cases of achylia in which the pylorus is frequently open, 
should receive serious consideration. 

lhe presence or absence of bile in the extracted specimens, as shown 
by Medes and Wright,’ does not determine whether or not there has 
been duodenal regurgitation. They found in their studies evidences of 
duodenal regurgitation even in the absence of bile in the extracted speci- 
mens. In brief, these authors showed that bile is regurgitated rarely 
without trypsin, and that trypsin is regurgitated much more frequently 
without bile. 

The possibility that the neutral red recovered in these cases was 
of gastric origin cannot be excluded. One cannot depend entirely 
on the appearance and color of the extracted specimen to determine 
whether or not neutral red is present. Bile pigment, if present, must 
be removed, and in any event the specimen must be acidified in order to 
establish definitely the presence or absence of the dye. 

We are now engaged in the study of the biliary excretion of neutral 
red in man by injecting it at variable times prior to cholecystectomy. 


SUMMARY 

1. Three cases have been reported of patients with pernicious anemia 

in whom injected neutral red was recovered in the gastric extractions. 
6. Piersol, G.; Bockus, H., and Banks, J.: Am. J. M. Sc. 170:405, 1925. 

7. Medes, G., and Wright, C. B.: J. Clin. Investigation 6:403 (Dec.) 1929. 





eT ee 


Seiad eat! i525 




















2. Previous investigators have emphasized tl 


the neutral red test in pernicious anet 

3. Investigators have never before been able to re 
red in the gastric specimens in true pernicious anemia 

+, The value of the test for neutral red is always 1estl 
because the presence of the dye in the stomach may be account 
by regurgitation of the duodenal content 

5. A simple and rapid method for the detection of neut: 
the gastric content is described 


6. The presence of neutral red in tl ‘ tric extractions 


in itself exclude the diagnosis of pernicious anemia 

















THE DIAGNOSTIC VALUE OF THE SUGAR TOLERANCE 
CURVE IN ENDOCRINOPATHIES * 


B. Y. GLASSBERG, M.D. 


ST. LOUIS 


Since Hofmeister (1888) first reported mellituria in dogs follow- 
ing the administration of dextrose, and Jacobson (1913) proposed a 
series of blood sugar determinations, as tests offering certain aids in 
the diagnoses of diseased states, particularly the endocrinopathies, there 
has been a regrettable confusion in the prolific literature pertaining to 
the sugar tolerance test. The work of the earlier investigators in 
general may be disregarded, because the methods were inexact, and the 
results necessarily unreliable. 

With certain minor variations, the test consists in the administration 
of a standard amount of dextrose (100 Gm.) and the estimation of 
the sugar in the blood and urine at intervals thereafter. The pro- 
ponents of this test base their diagnostic interpretation on the height 
attained by the curve, the rapidity of its return toward normal and the 
level of the blood sugar three hours after the administration of dextrose 
as compared with its level at the beginning of the test. 

In order to reevaluate this test, I have analyzed over 300 sugar 
tolerance curves made in the Jewish Hospital in the last three years. 
During this period the same technician continuously employed the 
same method for determining the blood sugar (Shaffer-Hartmann). 
The micro-technic requiring 0.2 cc. of capillary (arterial) blood, which 
is rapidly finding extensive favor, was used. 

Of the curves analyzed, eighty-five were grouped according to the 
diagnosis in the following classification: “normal,” hyperthyroid, hypo- 
thyroid, hypopituitary and a combination hypothyroid-hypopituitary 
type. 

A glance at the chart, a graphic compilation of the observations in 
eighty-five cases, shows the lack of diagnostic significance that may be 
attached to the sugar tolerance-curve because (a) the various cases of 
the same disease differ so widely in the blood sugar values, and (>) on 
the whole, the trend of the curves is not markedly different in the four 
conditions studied from that in the “normal” person. 

Table 1 shows that the sugar tolerance curve repeated within a few 
days gives wide and inconstant variations. 


‘Submitted for publication, May 17, 1930. 
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From the medical service of the Jewish Hospital, St. Louis. 
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In order to study at least one of the factors 
variabilitv, I performed a test on four “normal” patients, giving dr 
dextrose without any fluid, and repeated the test within two or thre 


days, this time giving the same < 


—_ 
of dextrose with 


quantity of water (from 800 to 1,200 cc.) during the 


1 


a considerable 


course of the 


1 1 = m a 
both capillary (arterial 
: 


ind venous blood in triplicate, employing Somogyi’s (1 


examination. The sugar was determined in 


929) techni 

















In table 2 are recorded the observations on capillary blood. In tl 
] first case the curves are almost identical, except at the one-l hour 
{ period, if the difference found in the sugar content during fasting 
i subtracted from the difference found during the other periods in the 
3 examination. However, in the other cases there is a striki bilit 
: amounting in the third case at the half-hour period to 41 per hur 
: ME 04 A | 
300. y™ 
‘ \ | 
Pso- f : a, 
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(22 cases) (26 cases) = (16 cases (11 cases) ti oxen 
Graphic reconstruction of a table (omitted because of its unwieldiness) sh« 
ing maximum (upper straight line), average (broken line) and minimum (lowe 
1 straight line) levels of eighty-five classified sugar tolerance curves. Note that 
4 overlapping of the curves is such as to preclude almost entirel diagnosti 
; significance of any one sugar tolerance tes 
dred cubic centimeters and in the fourth case to 68 mg. per hundre« 


cubic centimeters at the one hour period. The average deviation, it is 
true, is only about 15 mg. per hundred cubic centimeters if the deviatior 


that found during the 


However, it is obvious that little diagnostic si; 


during the fasting period is subtracted from 


other periods. 


enificancs 
can be attached to the test when the mere variation in fluid intake causes 
as much as 68 mg. per hundred cubic centimeters difference in the 


sugar value. 


In table 3 are recorded the differences in venous sugar content after 





the administration of dry dextrose and after the administration of th 
same quantity of dextrose with a considerable amount of water (from 800 

to 1,200 cc.). Throughout this table there are rather striking differences 
| 














i V w Tolerance Curves in the ; nt 
Made Within a Few Days 
1 Hour 2 Hours Hours 
After Administration of Dextrose 
Mg. of True Sugar per 100 Ce. of Blood 
Number of ~ 
( Test Diff Diff. Diff. Diff. Diff 
First. 1 215 175 14 5U 
Second 5 200 15 180 5 160 —1 50 +0 
First 110 a) 65 1 17 
Second 10 +40 180 75 200 l 40) 14 +30 
First 7 175 240 19 1 
Second 00 245 70 32. Ss 20) 160 
First 0 175 260 aR =) 
Second 00 ) 18 10 250 +10 250 0 
First l 195 250 240 0 
Second 125 0 200 5 195 5 19 $5 195 w 
hird. 0 ) 195 ) 205 10 l 0 60 —35 
deviat 0 10 4 4 


BLE 2.—Variations in the Blood Sugar Tolerance Curves of the Capillary Blood 


Case Fluids 


Without 
With. 


Without 
With.. 


Without 
With 


i Without 
With 


\verage deviation 
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Before 
Adminis 
tration of 
Dextrose 


Diff. 

29 4 

s4 7 
s4 
sO 
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without the 


4% Hour 
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Diff. 


Mg. of True Sugar per 100 Ce. of Blood 


Administration of Water 


1 Hour 2 Hours 3 Hours 


After Administration of Dextrose 


Diff. Diff. Diff. 
126 9 70 
150 24 1l¢ 23 os) 
193 167 127 
200 7 131 6 10¢ 1 
195 149 D4 
207 12 121 28 67 —1 
151 144 134 
18 68 156 12 84 0 
28 on 27 


Taste 3.—Variations in the Blood Sugar Tolerance Curves of the Venous Blood 
with and without the Administration of Water 


Case Fluids 
1 Without. 
With.... 


2 Without. 
With.... 


Without.. 
WiGiisviss 


4 Without.. 
fj 


Average deviation... 


Before 
Adminis- 
tration of 
Dextrose 


Diff. 


66 

iv —13 
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72 
oS 6 
142 
133 9 
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160 1-30 
107 


171 64 


Mg. of True Sugar per 100 Ce. of Blood 


3 Hours 


1 Hour 2 Hours 


—____,-______—_ 
After Administration of Dextrose 


” Diff. Diff. ~ +Diff. 





75 69 65 

10 77 8 60 + 5 

182 135 117 

174 8 124 11 78 9 

184 54 

72 412 30 52 ) 

142 139 118 

197 ) 154 15 738 +40 
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\fter a statistical analysis of 


1 
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as a routine in the Jewis 
and endocrinopathic patients, | 
which may be considered diagn 
consideration 

2. Statistical analysis of curve 
first routine sugar tolerance test 


thus precluding further a diagnostic 1 


1 Hospital 
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3. Careful determination of tl 
blood sugar after the administratior 
and without the ingestion of water 
form of the curve. Such a critical 
fluid alone produced a tremendous 
curve. 

+. For the reasons presented | 


curve as we have used it as a rout 


mation of diagnostic value in 


endocrinopathic conditions. 
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THE REFLEX INFLUENCE OF THE COLON, 
APPENDIX AND GALLBLADDER ON 
THE STOMACH * 


FRED M. SMITH, M.D. 
AND 
GEORGE H. MILLER, M.D. 


IOWA CITY 


The present investigation was suggested by the study of the gastric 
manifestations associated with an irritable colon.t The epigastric dis- 
tress was demonstrated to be gastric in origin. It is intensified by an 
aggravation of the bowel symptoms, and may be induced by a distention 
of the colon. In the roentgen examination of the gastro-intestinal tract, 
a pyloric spasm was the most prominent observation. There was also 
frequently an increase in the peristaltic action of the stomach. These 
observations were not constant and varied in different persons, but they 
were more evident during periods of apparent increased tension in the 
colon. These observations suggested that an alteration in the tone, 
particularly in the pyloric region and in the peristaltic action, was 
responsible for the epigastric distress, and that the latter was induced 
by a stimulation from the colon. 

Clinical and roentgen observations? have strongly supported the 
theory of a reflex stimulation of the stomach from the gallbladder and 
the appendix. Experimental investigations of the problem have been 
concerned chiefly with the study of the reflex connection between the 
colon and the stomach. 


* Submitted for publication, May 28, 1930 

* From the Department of Internal Medicine, State University of Iowa 

* Presented in part before the Society of Clinical Investigation at Atlantic 
City, May 6, 1929, and before the International Physiological Congress, Boston, 
Aug. 20, 1929. 
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Cannon ® observed a delay in the emptying time of the stomach fol- 
lowing an irritation of the colon. ‘This observation stimulated others 
} 


to adopt a similar method in the investigation of the reflex connection 


between the colon and the stomach. White,‘ in a correlated, clinical 
and experimental study, concluded that a delay in the emptying time of 
the stomach is an exception in lesions of the lower part of the bows 
In the experimental animals, the results of introducing a strong irritant 
into the cecum were variable. Intense irritation induced vomiting ; 

less intense irritant was followed either by a delay or an increase in 
the time in which the gastric contents were expelled, whereas moderate 


stimulation had no apparent effect. Monroe and Emory recently 


reported experiments in which the emptying time of the stomacl 
the dog was studied before and after the introduction of turpe ( 


into the colon. They concluded that an irritation confined to the color 
had no appreciable effect on the pyloric mechanism and the gastric 
peristalsis from the standpoint of the ability of the stomach to discharge 
its contents, and suggested that “so-called” gastric symptoms associated 
with colitis do not originate in the stomach 

Hughson ® was concerned primarily with the investigation of the 
relationship of the reflex pylorospasm to the diseases of the digestive 
organs, and studied the influence of the trauma incident to the various 


operative procedures on the abdominal viscera on the emptying time of 
the stomach. He noted that the traumatization of any abdominal viscus 
in the dog by surgical procedure prolonged the emptying time of the 
stomach approximately 67 per cent for a period of about two weeks, 
and that the speed of the contraction waves was increased. He advanced 
a hypothesis that a spasm of the pylorus resulting from disease either 
within or adjacent to the abdominal cavity is solely due to an irritati 
of the peritoneal surface. 

Barber and Stewart* noted striking changes in the _ peristaltic 
activity of the stomach, and at times marked pylorospasm followi 
trauma of the gallbladder, appendix and duodenum, which thev regard 
as reflex phenomena. 

3. Cannon, W. B.: Mechanical Factor of Digestion, New York, I 
Green & Company, 1911 

4. White, F. W.: Effect of Stimuli from L re n the R 
imptying of the Stomach, Am. J. M. Sc. 156:184, 1918 
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Pearcy and Van Liere* reported an immediate reduction in the 
tone of the stomach, cessation of contractions and an inhibition of the 
pyloric and cardiac sphincters of the dog following a distention of 
the esophagus, duodenum, jejunum or colon, by means of a balloon. They 
furthermore indicated that a distention of any portion of the gastro- 
intestinal tract induced an inhibition of the remaining sections. 

In the present investigation, the influence of the irritation of the 
colon, appendix and gallbladder by croton oil on the tone and peristaltic 
action of the stomach was studied. Dogs anesthetized with barbital 
were employed. The stomach and the proximal part of the colon were 
exposed by a midline incision. The ileum was ligated or sectioned at 
its junction with the cecum in order to limit the action of the irritant 
to the colon. A balloon was introduced into the pyloric portion of the 
stomach through the duodenum, and the peristaltic action recorded on a 
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Chart 1.—Gastric activity after introducing croton oil into the first portion 
of the colon. It is noted that there was a striking increase in the peristaltic 
waves on distending the colon with air which subsided promptly on releasing the 
tension. The same characteristic response was again obtained which was later 
followed by an abrupt reduction in peristalsis subsequent to the administration 
of atropine. 


kymograph. After a control period, a tew drops of croton oil were 
introduced into the proximal colon by means of a syringe and small 
bore needle. Within a few minutes there was usually an increase in 
tone and a marked increase in the peristaltic action of the stomach which 
frequently became violent; occasionally, reverse waves were observed. 
rhis increased tone and peristaltic action of the stomach was intensi- 
tied by distending the colon (chart 1). The effect of increasing and 
decreasing the tension of the colon following the application of the 
l irritant were striking. The peristaltic waves were at once intensified by 
8. Pearcy, J. F., and Van Liere, E. J.: Studies on the Visceral Nervous 
System: 1. Reflexes to the Stomach, Am. J. Physiol. 78:64, 1926. 
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inflation and immediately subsided with the release in tensio1 his 
increase in tone and in the peristaltic action of the stomach, regardless 
of the intensity, was abolished by atropine. The reflex stimulation ot 
the stomach from the irritation of the colon was observed, regardless ot 
the depth of the barbital anesthesia. Comparable results were obtained 
when the irritation was limited to the appendix, and the response to 
itropine was identical (chart 2) 

iI] 


The reflex connection between the gall 


1 1 


studied in a similar manner. During the recording of the control period 
yf the gastric activity, the gallbladder was aspirated. The remaining 
bile was removed by means of small cotton pledgets through an incisio1 
in the fundus of the gallbladder. The neck of the gallbladder was 


finally occluded by cotton to prevent the possibility of the croton « 
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Chart 2 Changes in the ga 





oil into the appendix. During the increased gastric activity, the irritant in the 
appendix had induced circular areas of marked constriction. The results in tl 





experiment were similar to those observed following the introdu 


irritant into the colon and gallbladder In all instances there was 1 
response to the administration of atropine The time of th Iministrati 
atropine is indicated by the arr 

passing down the duct. In some instances the common duct wa 


ligated. 

During the aforementioned manipulation of the gallbladder, thet 
was no appreciable change in the tone or peristaltic action of the stomacl 
Croton oil was then applied to the mucosa of the gallbladder by a sma 
‘otton swab. After a few minutes there was an increase in the size 
ind depth of the peristaltic waves, comparable to those observed follow- 
ing the application of the irritant to tl 
af 
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ibolished “a atropine. 


1c colon. Here again thi 


astric activity was 
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The investigation at this point was extended to the patient. A 
balloon was introduced into the pyloric portion of the stomach and con- 
nected with a kymograph during a period in which the subject was 
free from distress. After the gastric activity was recorded for a control 
period, the colon was inflated through a rectal tube. The tone of the 
stomach was at once increased ; coincidently there was a striking increase 
in the depth of the peristaltic waves and the appearance of the typical 
epigastric distress. The pain in each instance occurred simultaneously 
with the peristaltic waves. Following deflation of the colon, the gastric 
tone and peristaltic action returned to the original level, and the pain 
disappeared. Similar results were obtained by atropine without the 
deflation of the colon. This aspect of the investigation is of particular 
interest from the standpoint of gastric pain and will be reported more in 
detail in this connection. It is felt that these results explain the 
epigastric pain associated with an irritable colon. 


COMMENT 

The reports here cited of the investigations of the reflex connection 
between the stomach and the colon have led to diverse conclusions. 
In the observation of White, and in those of Monroe and Emory, atten- 
tion was focused on the emptying time of the stomach, and a significant 
alteration in this feature was not obtained. White indicated that a 
gastric retention is seldom associated with a pathologic condition of the 
colon. It was likewise rarely noted in our studies of the gastric mani- 
festation of an irritable colon. It is to be recalled that in the latter study 
a pyloric spasm and an increase in the peristaltic action of the stomach 
were the most prominent roentgen observations. In this connection, 
Hughson reported that a traumatization of any abdominal viscus in the 
dog by surgical procedure, prolongs the emptying time of the stomach 
approximately 67 per cent for a period of about two weeks in spite of an 
increase in the speed of the contraction waves. Clinical and experi- 
mental observation therefore indicate that a study of the emptying time 
of the stomach alone is not a reliable guide in the investigation of the 
reflex connection between the colon and the stomach. On the other 
hand, the evidence points to an increase in the tone, particularly of the 
pyloric portion of the stomach and to an increase in the peristaltic action 
as the most significant indication of a stimulation from the colon. 

The observations of Pearcy and Van Liere appear to be opposed 
to those made in the present investigation. The character of the stimu- 
lation employed is, however, not comparable. The brief periods of 
inhibition of the gastric contraction shown in their illustrative experi- 
ment are similar to those frequently observed in the unanesthetized dog 
on slight manipulation of the gastro-intestinal tract. These periods 
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are regarded as transitory and of an entirely different nature than thos 
herewith reported. 

In the present investigation, a reflex stimulation of the stomach trom 

; the colon, appendix and the gallbladder was demonstrated. ‘This effect 

which was indicated by an increase in the tone, particularly ot the 

! pyloric portion, and by an increase in the depth of the peristaltic wave 

: was completely abolished by atropin Hughson attributed simi 

| alteration in the gastric activity to a peritoneal irritation. In the present 
study, however, all operative procedures incident to the experiment wet 
completed prior to the registration of the control curve, and thus the 
possibility of an irritation from the peritoneum producing the results 
was eliminated. These observations on patients are in line with the 
experimental studies on the dog, and they constitute a further demo1 
stration of the reflex connection between the colon and the stomac! 

J 
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THE ALKALINE TIDE AS A METHOD OF STUDYING 
GASTRIC ACIDITY * 


ROGER S. HUBBARD, Pu#.D. 


5 


N SPRINGS, N. ¥ 


CLIFTO 

In 1926 a series of tests on the urine of patients suffering from 
achlorhydria was reported.t It was shown that little or no increase in 
alkalinity developed in such subjects after a standard meal, but that 
when normal subjects used as controls were studied by the same technic, 
the urine usually showed an alkaline tide; that is, it became more 
alkaline than it had been before the meal. The ditference between the 
two types of cases was clearly shown by the average figures. This 
indicated that the secretion of hydrochloric acid by the stomach was 
the usual cause of the increase in alkalinity observed, as had been 
claimed by many observers since Bence-Jones? first described these 
variations in acidity. Similar work by Ackman‘ and Davies ° has 
furnished confirmation of this thesis. 

In addition to these studies of the physiology involved, it was sug- 
gested that the test might be adapted to the indirect study of gastric 
secretion, and the following procedure was recommended for this pur- 
pose. The patient was aroused at 7 o'clock and directed to empty the 
bladder. This specimen was discarded. Thereafter hourly specimens 

were collected until 1 p.m. A meal, consisting of two slices of toast, 
a pat of butter, a glass of milk, a glass of water and an egg, was fed 
between 8 and 9 o’clock. There were available for analysis six hourly 
specimens, one collected before the meal, one during the period when the 
meal was fed and four successive ones following it. The reaction of 
each was determined soon after it was voided. From a study of the 

* Submitted for publication, July 5, 1930. 
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: results 1t was suggested that ‘ 
any collected previously by 1.0 I inv two were more alk t 
. previous specimen by 0.5 a tide was prese! lf the aver: 
: tion was alkaline, that 1s, if the py was greater tl 7.0, the test 
; be regarded as unsatisfactory, | 1 [ars] s shown that 
eactions of such specimens cannot b rat t 
i was present in the urine, it implied that acid was secreted by the 
Comparison of the method with the direct analysis of gastric content 
showed that there was agreement in about SO per cent of the studies 
In the present paper the author wis! to discuss the application o 
this technic in the light of further experience with it, based on a stud 
of 365 tests on 296 subjects. This discussion can conveniently 
divided into two parts: first, a consideration of the general forms 
the curves obtained, and second, a_ presentatior individual cas 
representing the value and limitations of the methor 
In gveneral the results have « l the ph s re 
which the test is based, for the tide shown by normal subjects? w 
quite regularly present when secretion of acid tollowed the ingest 
a test meal® but was absent in cases of achlorhydria t the sai 
time it became obvious that results were frequently irregular and | 
to interpret. An analysis of the various types of curves was n 
nd it was concluded that there was frequently an early morning per 
of alkalinity before any meal was fed that atfected the test Table | 
shows the irregularities resulting from the operation of these tw 
causes. Each column gives results obtained | iveraging the result 
obtained from a series of specimens from six ditferent patients, 
; 6M < I Tr The ] A ( . 
Hydrogen Ion Concentration of Urine, J. Biol. Che 51:3, 1922 
7. Wilson, D. W.: Neutrality Regulation in the Body, Physiol. Rev, 3:295 
1623. Hubbard, R. S., and Munford, S. A.: Presence of the “Alkalir Tide,’ 
J. A. M. A. 80:304 (Feb. 3) 1923. Muschat, M.: The Effect of ( 
Regime upon the Urine Alkaline Tide in Normal Individuals, J. Clin. Invest 
gation 2:245, 1925. Hubbard, R. S., and Steele, T. M Variatio1 the M 
ng Alkaline Tide of Normal Individuals, J. Biol. Chem. 84:199, 1929 
8. Rehfuss, M. E.: A New Method of Gastric Testing, with a Descriptiot 
of a Method for the Fractional Testing of the Gastr Jui Am. J. M. Sc. 147: 
$48, 1914. Lyons, B. B. V.; Barth, H. J., and Ellison, R. T.: Clinical Gastri 
Analysis with Detail of Method and a Consideration of the M Informat 
be Obtained, New York M. J. 114:272, 1921 
9. Hubbard, R. S The Reaction of tl Morning Urine. J. Biol. | 
84:191, 1929. 
10, Leathes, J. B.: Renal Efficiency Tests in Nephritis and the Rea 
the Urine, Brit. M. J. 2:165, 1919; Renal Functior 1 Determination of It 
Degree, Lancet 2:933, 1920. Watson, E. M.: The Cause of the Matutinal 17 
Urine, Canad. M. A. J. 15:32, 1925. Hubbard, R. § Changes in the R: 
tion of Urine on Awakening, Am. J. Physiol. 91:618, 19 
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one of which was closely like the other five. Column I shows the flat 
curve with a rather high degree of acidity frequently found in cases 
of achlorhydria. Superimposed on this there is not infrequently an 
early period of alkalinity (column II) that is often prolonged well into 
the morning (column III). Results typical of those expected if the 
stomach secretes hydrochloric acid are given in column IV. Here there 
is no early morning period of alkalinity, but changes similar to those 
expected if the stomach secreted hydrochloric acid develop after the 
meal is fed, and an alkalinity of the urine results from the changes in 
the body fluids produced. Results in column V are essentially similar 
and can easily be interpreted, although the figures are not quite as 
regular as those just discussed. It is evident that if there are two 


normal causes of a decreased acidity in morning urine they must fre- 


TasB_e 1.—/rregularities Due to Achlorhydria and an Early Morning Period of 
Alkalinity * 
VI VII Vill 


I II III IV l 

0 Hydro- 0 Hydro- 0 Hydro- Hydro Hydro Hydro- Hydro- Hydro 

chloric chlorie chlorie ehloriec chlorie chlorie chlorie chlorie 

Acid Acid Acid Acid Acid Acid 4 Acid + Acid + 
Hour pu pu pu pu pu pu pu pu 
Before meal. , 5.4 6.3 7.3 5.4 5.6 7.1 7.5 7.8 
Meal time.. 5.4 5.3 6.9 5.9 5.6 5.9 7.6 7.8 
0 to 1 after. 5.4 ) 6.1 6.2 5.7 5.7 6.1 7.6 
1 to 2 after } 7 7.4 6.9 ¢ 7.3 7.6 
>to 3 after 4 5.4 6.9 ) 7.1 7.5 7.8 
3 to 4 after 5.4 5.9 4 6.4 6.9 7.6 

* Fach column gives the results obtained by averaging a series of specimens from six 


different specimens. 


quently operate in the same patient. Column VI contains results that 
illustrate this fact. Figures of this kind are not difficult to interpret, 
because the early morning period of alkalinity can be quite clearly 
differentiated from the one that follows the meal. Sometimes, however, 
the two curves seem to fuse more or less completely. Examples are 
viven in column VII, in which a single specimen with an acid reaction 
separates two periods of marked alkalinity, and in column VIII in 
which the reaction is uniformly alkaline throughout. Such results, 
when obtained in any particular case, are hard to interpret in terms of 
the clinical condition of the patient, for while in general they seem to 
be due to the aforementioned causes, in any given case the same 
results may be brought about in an entirely different manner.*? If the 
activity of the patient is reduced by keeping him in bed, and respiratory 


11. Hubbard, R. S., and Allison, C. B.: A Study of Continued Alkalinity of 
Morning Urine, Proc. Soc. Exper. Biol. & Med. 27:212, 1929; Clifton M. Bull. 


16:6, 1930. 
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variations, which form one ot the caus 


acidity,’* are thus reduced to 
encountered.'* 


It is obvious from the 


preceding discuss! 


be interpreted or that can be interpreted only 

tainty are not infrequent. It seems worth whil 
of selected cases illustrating the various tvpes 
the value and limitations of the meth whi 
acteristic. For this purpose cases in which th 


histamine '* were available have beet 


this clinic only when routine ga 





hydrochloric acid, and since in general determinatt 
tide were not carried out except when the presence « 
suspected, no strictly normal case is le he 
results the reader 1s referred to previous t 
columns IV and V. [The series does inclu ( 
results in a case of achlorhydria, at se results 
Che urine of this patient showed no chang rea 
ng period, and no acid was secret nto the stoma 

of any of the methods used. 

Che case summarized in table 3 also shows sat 
umong the three methods of studying it 
acid was present in the stomach an hour an hal 
but an hour after histamine was givet rac 
be detected. In the study of the alkaline lea ont 
was found in one specimen obtatine ter the 
so slight that no significance can properly b che 
ing to the criteria laid down tl n 
present It is obvious that sucl 

istric acidity is as low as in this cas« 
— - © 

Carbon Dioxide Cor g Pow P 
S f the Alveolar A i t \ 
Ammonia by the K Am. J. Physiol. 51:368, 1920. ¢ 
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13. Hubbard, R. S . 
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The third case, shown in table 4, is an example of those cases in 
which a study of the tide gives more reliable information than an 
analysis of the gastric contents after the usual test meal. Another 
similar case has been reported previously..° The results of a gastric 
analysis suggested that the stomach did not secrete hydrochloric acid, 
Taste 2.—Complete Concordant Results in Gastric Analysis and Alkaline Tide 


Test in a Case of Achlorhydria 





Gastrie Analysis Histamine Test 


es res si paces eee a 
Time, Hydrochloric Total Time, Hydrochloric Total 
Minutes Acid, Ce. Ce. Minutes Acid, Ce. Ce. 

0 0 15 0. 0 9 
80 0 7 20 0 7 
45 0 5 40 0 § 

60 0 6 Gis da vhhnieageeeeh 0 6 

75 8 1.5 mg. ergamine* phosphate used 

10 0 ) 

135 ( 

Alkaline Tide Test t¢ 
Time 
= ire + the ee ee scot, 
7-8 8-9 9-10 10-11 11-12 12-1 
pi 5.4 2.3 5.3 5.3 5.3 5.5 


* Ergamine is beta-iminazolylethylamine hydrochloride. : 
+ Results of gastric studies are expressed as cubic centimeters of tenth-normal acid in 100 cc. 
gastrie contents. 

















TaABLe 3.—Showing Agreement of Gastric Analysis and Alkaline Tide Test 
Gastrie Analysis* Histamine Test 
Time, Hydrochlorie ‘Total Time, Hydrochloric Total 
Minutes Acid, Ce. Ce. Minutes Acid, Ce. Ce. 
75 0 12 ae 5 ; 0 16 
20 pats ‘ ; ax 0 18 
40. Mi 0 23 
60. Le 5 97 
1.5 mg. ergamine phosphate used 
Alkaline Tide Test 
Time 
‘cia . > A eileen . “ 
7-38 8-9 9-10 10-11 11-12 12-1 
pu.. = ; 5.2 5.0 5.0 5.7 5.2 5.0 





* Results of gastric studies are expressed as cubic centimeters of tenth-normal acid in 100 ce. 
gastric contents. The gastric specimen was obtained through a large tube passed after an 
Ewald test meal. 


although the high figures obtained when the total acid was determined 
make such an interpretation questionable. When histamine was given, 
free hydrochloric acid was found in normal concentration. I believe 
that two causes may lead to such results. If the stomach produces acid 
but it is neutralized by alkaline secretions or mucus, the urine should 


7 prone eee 
16. Hubbard, R. S.: Variations in Gastric Acidity and in the Alkaline Tide 
in Urine, a Discussion of a Case, Clifton M. Bull. 14:7, 1928. 
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ne) ‘rth ] h th normal tid \nortl r ™ srmilitv 7 that the « 
nevertheless show the normal tide. \ ler pos nlity 1s tn ce 


tion of hydrochloric acid has been completely inhibited by 
influence induced by the presence of the tube,'* but that secretion n 
proceed normally when no tube is present, and that, therefore, tl 


may be a normal tide. 


Ss 


When a typical alkaline tide is present in a c apparent! 


achlorhydria, the gastric analysis should be questioned and carefu 
investigations carried out before a diagnosis is made. Can the alkal 
tice observations be accepted as of final value unde r such condit S 
[he answer to this question is probably no, as far as one can tell 
present. My associates and I have found very few cases—thre ti 
TABLE 4.—Case in Which Stu f 
Information Than A) sis of t ric ( ; fter tl 
Tost M 
Gastrie Analysis Histamine Test* 
"ime, -—~s-Hydrochlorie ‘Total Time, Hydrochlor 
Minutes Acid, Ce. Ce. Minutes \cid, Ce Cr 


0 ( 11 ”) 0 


4 0 40 4( 8 
60 0 Bil 60.. 
75 0 25 ( e phosphat sed 
10 0 19 
0 


\lkaline Tide ¢ 


pi 3 ( 6.2 





* Histamine test and alkaline tide test agree. 
+ Results of gastric studies are expressed as cubic centimeters of tenth-normal acid ir " 
of gastrie contents. 


when such an interpretation would probably have been incorré 
In these three cases fairly typical alkaline tides were present in th 
urine, but no hydrochloric acid was found in the contents of the stomach 
after histamine was injected. None ot these cases has shown the cl 
cut clinical picture frequently seen in achylia gastrica.** It 


proper, nevertheless, to accept them as true cases of achlorhydria until 
such indirect studies as have been carried out in the clinic can be 


firmed by some other method of investigation. Fairly complete exper: 
ments showing such contradictory results have been carried out 
one patient and reported elsewhere.’® Studies in another case are 


17. Kahn, G., and Stokes, J., Jr.: The Effect of the Passage of the Stoma 
Tube on Titratable Acidity and fu of Gastric Contents, Am. J. Dis. Child. 32: 
667 (Nov.) 1926. 

18. Collip and Backus (footnote 12, first reference). 

19. Hubbard, R. S., and Case, C. E.: Presence of the Alkaline 
Case of Achlorhydria, Proc. Soc. Exper. Biol. & Med. 27:327, 1930 
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in table 5. The tide obtained was not wholly satisfactory but it sug- 
gested that the stomach secreted hydrochloric acid, while all of the 
direct studies carried out failed to show any formation of that com- 
pound. No adequate explanation can be offered for such observations. 
ither the direct methods used for studying gastric secretion are not 
wholly satisfactory—I do not believe that there is sufficient evidence to 
justify such a conclusion—or there may be some cause independent of 
the secretion of hydrochloric acid by the stomach that sometimes pro- 
duces changes in urinary reaction that are indistinguishable from those 
considered as typical tides. A few experiments suggest that the second 
alkaline tide of the day—that which follows the noon meal—may give 
more reliable information concerning the presence or absence of gastric 
secretion than does the first one, but at present the number of studies 


Paste 5.—Contradictory Results Obtained in the Same Patient 


Gastrie Analysis Histamine Test* 
= - A - [7 - -- -—— --— A~-- - ———— —~ 
Time, Hydrochloric Total Time, Hydrochloric Total 
Minutes Acid, Ce. Ce Minutes Acid, Ce. Ce. 

0 0 9 0 ; ae 0 5 
20.. 0 5 20 0 8 
45.. 0 f 40 2 Sided 0 10 
60.. 0 4 | oe. Se as 3 0 8 
75. 0 5 1.5 mg. ergamine phosphate used 
105. 0 9 
135.. 0 10 

Alkaline Tide Testt 
Time 
ot a 
i-3 8-0 9-10 10-11 11-12 12-1 
pi ; 6.1 6.2 axe 7.1 7.4 
* Gastrie analysis and histamine test agree. 


+ Results are expressed as cubic centimeters of tenth-normal acid per 100 ce, gastric juice. 


available are too few to serve as a basis for conclusions on their 
significance. 

Errors of the opposite sort, the absence of a tide when the stomach 
secretes hydrochloric acid, are present in about 20 per cent of the cases 
studied. One large group of patients in whom such observations were 
made, were subjects with various conditions affecting gastric secretion. 
There may be so marked a degree of hypochlorhydria that variations in 
the acid-base balance in the body are so slight that no changes in the 
reaction of the urine result from it. An essentially similar condition 
exists when the concentration of hydrochloric acid is normal but the 
amount of fluid secreted is small. Here again little variation in the 
reaction of the body fluids may result from gastric secretion, because 
those changes depend on the actual amount of acid withdrawn from 
the tissues and the resultant liberation of an approximately equivalent 
amount of base in them. A third group of cases in which discrepancies 
of this sort are easily understood includes those in which there is a 
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very rapid gastric emptying time. In these the acid material probably 
enters the intestine and is once more reabsorbed soon after it is formed, 
so that changes in the reaction of the tissues is of short duration. 
Besides such cases as these in which the conditions governing secre- 
tion and reabsorption of hydrochloric acid probably influence the results, 
there are certain diseases that may cause an absence of a tide in a 
subject with normal gastric acidity. One of these diseases is cystitis. 
Persons suffering from this condition are not suitable subjects for the 
test, because the reaction of the urine may result from the action of 
bacteria in the bladder rather than from variations in the acid-base 
balance in the body. Nephritis may also apparently sometimes give 
rise to misleading results. Leathes °° and McCorvie ** have shown that 
in this condition the reaction of the urine does not respond in the usu 
way to variations in the conditions in the blood. Whether there are 


other factors that may seriously affect the reaction of the urine in 


similar way, remains uncertain. Among the possibilities is the modify 
ing influence of the phosphates present as buffers in the urine. The 
work on this subject recently reviewed by Rannenberg ** suggests that 
variations in the amounts of these compounds may sometimes ) 


importance in modifying the reaction of the urine 


s 


A study of the urine in a series of cases has shown that the presence 
or absence of an alkaline tide may frequently be of aid in the study of 


gastric conditions. When a tide is present after a meal, hydrochloric 


acid can almost always be demonstrated in the gastric juice. In about 
80 per cent of those subjects who do not show an alkaline tide, hydro 


chloric acid is either absent from the gastric juice or is present it 
low concentration. 


Certain limitations exist to the usefulness of the test. It seen 


i it Lis 


impossible to distinguish between a normal secretion and a hyper 


secretion of hydrochloric acid by this method.** It is frequently diffi- 
cult to interpret the results obtained because of their irregular nature. 


Pilly 


The test is valueless in cystitis and nephritis. Apparently the alkaline 
tide should not be relied on alone to distinguish between the true and 


i 


] 
IS ad 


false achylia; however, if a tide is present, such a diagnosis shoul 


i 


be made only after thorough study, including the use of histamin« 


20. Leathes (footnote 10, first and second references) 
21. McCorvie, J. E.: Studies on the Morning Alkaline Tide of Uri if 
Normal Persons and in Patients with Nephritis, J. Clin. Investigation 2:35, 1925 
22. Rannenberg, E.: Die Schwankungen der Wasserstoffionenkonzentration 


des Harns im Verlaufe eines Tages, Arch. f. d. ges. Physiol. 212:601, 1926. 
23. Dodds, E. C.: Variations in Some of the Urinary Constituents and tl 
Alveolar CO: in Relation to Meals, Brit. J. Exper. Path. 4:13, 1923 














METABOLISM OF OBESITY 


VIII. BASAL METABOLISM AND INSENSIBLE PERSPIRATION DURING A 
PERIOD OF REDUCING WEIGHT * 


CHI CHE WANG, Px.D. 


SOLOMON STROUSE, M.D. 
AND 
MARIE ANDERSCH, BS. 


CHICAGO 


Owing to the lack of adequate provisions for prolonged metabolic 
work on adults during a period of reducing weight, our previous studies 
of this series had been made on outpatients only. An extensive investi- 
gation was conducted on three obese women, one with diabetes, during 
a period of eight months in 1928. The subjects were kept in a special 
ward provided with a kitchenette and facilities for collecting and stor- 
ing excreta. They were given freedom to lead a normal life and were 
permitted to go about as they pleased. However, they were under the 
constant supervision of an attendant assigned to this task. At no time 
were they allowed free access to foods. 

During the experimental period the subjects received a diet contain- 
ing 20 Gm. of butter per twenty-four hours, 1 Gm. of protein and suffi- 
cient carbohydrate to make a total of 20 calories per kilogram of ideal 
weight per twenty-four hours. Based on our investigations conducted 
on a number of normal women, the foregoing diet should contain 
approximately 50 per cent of the caloric value required by these subjects 
according to their ideal weights. In the case of the subject with dia- 
betes, sufficient insulin was given to keep her urine always free from 
sugar; the dosage varied from 30 units at the beginning to 8 units at the 
end of the experiment. As this subject demonstrated a rapid decrease in 
basal metabolism in the course of reducing weight, she was also given 
thyroid treatment during the latter part of the experiment. 

This investigation covered the determination of basal metabolism, 
insensible perspiration, water balance and protein metabolism of the 
three subjects. The present paper deals with the basal metabolism 
and the insensible perspiration. The chemical procedure and the results 
of the latter half of the investigation will be reported in a later com- 
munication. 


* Submitted for publication, April 23, 1930. 

* From the Medical Clinic and the Nelson Morris Memorial Institute for 
Medical Research of Michael Reese Hospital. Aided by the Otto Baer Fund and 
the fund contributed jointly by Judge Hugo Pam and Miss Carrie Pam. 
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Aug. 


Sept. 26 


Oct. 1 





Nov. 





Dec. 1 
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79.4 























Weight 


Daily 

Varia 

tion, 
Kg. 


—H.2 
+0.1 
+0.1 
—0.5 
+0.2 


0.2 
0.5 
0.1 
09 
0.1 
+0.2 
0.2 


+1) 0 
1.4 
+-0.2 
0.0 
+0.1 
0.1 
0.2 
—0 
0.1 
08 
0.1 
+0.7 
‘ 
+ 
0.2 
rf) 
0.1 
—0.3 
—0,1 
—0.6 
+0.1 
—0.5 


Per 
centag 
Over 
Normal 
Weight 
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a-ha. A RAR EE eee ee 
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40 
40 
40.0 





0 
6.5 
8 
36.2 
6.4 
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35.0 
4.8 
- 9 
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34.6 
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6 
0 
30.7 
0.7 
1) F 
29.9 
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iv 
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‘ 
0.719 
0.697 
0.745 
0.670 
0.640 
0.689 
0.731 
0.720 
0.695 
0.739 
0.781 
0.765 
0.762 
0.731 
0.790 
0.783 
0.7 
0.650 
0.796 
0.774 
0.689 
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Tas_e 1.—Daily Basal Heat Production—Continued 
Subject: E. 8.; height, 150.9 em.; age, 35 years; normal weight, 55.9 Kg. 








Weight Heat Production 
ow ws —<— re — eRe SEP — 
Per- Calo- Percent- Percent- Calo- 
Daily centage ries per ageof Calo- ageof ries 
Varia- Over Sq.M. Devia- ries Devia- per Kg. Thyroid 
tion, Normal per tion from per 24 tion from per24 Pulse Extract, 
Date kg. Kg. Weight R.Q. Hour Normal Hours Normal Hours Rate Gr. 
Dec 8 72.4 0.2 29.5 0.721 32.9 —11.3 1,330 —10.0 18.4 54 1 
10 4 —f.1 0.7 1.6 —14.6 1,273 13.0 17.€ 62 2 
11 { +0.1 0.74 33.6 —9.1 1,358 18.8 6 2 
12 r 0.2 29.1 0.749 33.9 8.3 1,369 6.4 19.0 Ui 2 
1: 0 29.7 0.761 35.8 = 2 1,439 l 19.9 64 2 
72 o2 2 0.735 5 a 0 0.2 { 2 
( 71.8 8.4 0.867 35. 5.2 1,406 ( 19. 62 2 
7 70.9 0.9 § 0.892 34. 6.9 1,577 0 19.4 58 2 
g 0.9 +00 6.8 0.884 4. 6.4 1,38 { 19.6 6 
( 0 4 0.781 6.7 0.8 1,468 0.8 68 
0. 1 0.860 1,3 — 7.2 1,368 1 19.5 68 2 
Ja 69.8 0.4 1.8 0.798 ] 1,39 ) 0.0 74 
69.8 +0.0 248 0.785 8 1,423 1.1 20.4 70 2 
1 0.2 4.4 0.70 9 1 1,424 0.8 0 ” 
69.2 ) 23.8 0.779 A | 0.2 1,470 f 21 4 
69.3 +0.1 4.0 0.779 35.9 — 3.1 1,422 0.8 20 66 
s ¢ +-0.0 24.0 0.726 39.2 + 6.0 1,555 + 8.4 22.4 72 
69.5 +0.2 24.4 0.719 38.8 + 4.9 1,541 72 2 ? 


During the period of reducing weight, the study of basal metabolism 
of the three subjects, including eighty-nine experiments on one and 
seventy-three on another, was made within four months. Twenty-eight 
experiments were conducted on the third subject during an interval of 
a month. An attempt was made to take daily observations, but owing 
to the lack of cooperation on the part of the subjects, the work was 
interrupted frequently. Consequently, no observations were made on 
Sundays or on days when for various reasons the patients were in a 
contradictory mood and offered excuses for not taking the test. At the 
beginning of the experiment the weights of the three subjects were 80.3, 
95 and 108.4 kilograms, with a deviation from standard of 43.5, 54.7 and 
95.4 per cent, respectively. The ages were 35, 23 and 21 years. 

Heat production was measured by a Tissot gasometer in connection 
with a Haldane gas analysis apparatus as described in a previous com- 
munication.’ All experiments were conducted after a fast of at least 
fourteen hours and a rest period of thirty minutes. 


1. Strouse, S.; Wang, C. C., and Dye, M.: Studies on the Metabolism of 
Obesity: II. Basal Metabolism, Arch. Int. Med. 34:275 (Sept.) 1924. 
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: Subject: C. B.; height, 168.9 cr age, years rmal weight, 61.4 Kg 
Weight 
a Per 7 
d Daily centage 


2 Varia Over 
tion, Normal 






































Date Kg. Kg. Weight R.Q at 
May 24 95.0 ° 54.7 0.877 Li 9.1 1,f f 17.4 
94 0.7 53.¢ 0.728 1.8 1,732 4 18.4 
t 94.3 +0.0 f 0.74¢€ } . tit r 
8 94.8 0.5 $4 0.765 31 f l, 6.1 64 
29 42 —06 53.4 0.874 1.4 ? 1,539 { 6.3 r 
0 94.2 +0.0 53.4 0.78% $ 6.2 1,701 18.1 64 
1 28 0.4 8 0 : 1,777 1 64 
a l 94.1 0 ( 4 1.678 44 . é 
E 93.6 =f) 5 4 0.79 4 1,675 4 17.9 ¢ 
4 13.0 —O.f l 0 ) 5 1,534 ) é é 
3 93.0 +).0 51.5 6.808 3.7 ) 1,642 l e 
: r Y8 —0.2 1 0.752 > ) 1,571 ) 6.9 6 
7 . 0 0 5 08 4 3 is ( 
% 8 0 0 1 — 5.2 1,713 1.9 18.4 € 
i ) 93.3 +0.0 2.0 6.7 0.9 1,776 1.1 19.0 ¢ 
: 1 91.8 5 1.2 1,659 4 18.1 60 
S 4 91.4 —0.4 48 — 9 1,630 - 7 - t 
RY 13 91.5 0.1 49.0 8 1 1,589 — 8 17.4 t 
: 4 91.6 0.1 49.2 1 1 Rsyi 10.1 17.0 
; 91.8 0 49.5 = 1,610 7.1 1 ff 
«| f 91.8 0.0 49.5 4.1 1, — 0.8 8.8 60 
4 8 1.5 ( 49 4.8 8 1,68 2 ) 60 
‘ ) 1.1 0.4 48.4 4.7 1,¢ - 1 8.4 8 
{ 90.7 0.4 7.7 — 8.9 4 8 
21 91.0 0 48.2 70 140 ‘ ‘ 
; 2 89.5 —1.5 45.8 8 1.4 8.1 7.€ Y 
? 89.4 0.1 45.6 3 1.8 9.5 ) 
% 89.9 0 46.4 0.782 f ont 3.0 60 
7. 90.1 0.2 46.7 0.778 0 + 1.0 4 € 
0.0 —0.1 46.7 0.757 6.7 08 29 . 60 
”) 89.6 —0.4 45.9 0 2 9 i € 0.4 54 
‘J 0 89.2 —0.2 45.3 0.750 + 0.9 1,788 { ) 54 
July 2 83.¢ $ ¢ 1,654 2.9 8.8 60 
5 87.6 1.8 1,787 + 5.6 0.4 8 
7 87.1 ) _ ? 1,749 0.1 64 
4 ) 86.6 4 68 1,640 — 16 18.9 60 
4 10 86.9 1,779 6.1 
1 87.0 1,54 —10.9 é 
87.5 S 1.602 s S 
8 85.9 4 { 1,614 4.1 3.8 5 
4 ) 85.2 8 1,591 4.7 8.8 € 
; ) 86.1 ( ‘ 1.740 ¢ 64 
4 1 86.0 { $ 1,688 4 68 
99 an 5 8 0.4 + 3. 64 
i 85.5 ) 1 ( 1.0 ~ 4 
> 85.1 Q1 1 X76 1 g 
& Of 5.4 { 6.9 1,581 $ s 
4 7 85.3 —9 2.9 ( { 1,609 8 5 { 
$ »8 0.2 8.7 0 1.8 6.9 1,636 0 4 
| 30 +0.4 1.3 0 ) 1,674 + 0. 4 
: 1. ty $8 0.735 1.9 > ae =—is 5 58 
Aug. 1¢ ( ) 8 1,582 aun 49 3 63 
17 0.9 65.0 0 8 7 1,48 3 60 
; 8 83. +01 6.2 0.78 4 + 41 5 
: 83.1 —0.5 5.4 0.794 4 3.9 878 +13.8 65 
81.8 a 33.2 0.76 { $ ~—_ $6 5 60 
3 ‘§ 81.0 —O.8 1.9 of ? —14 60 
e 81.8 +0 23.2 7 1,834 412.0 4 5 
l 81.4 —0.5 32.5 1,419 13.1 17.4 55 
: Sept. 1 81.0 —0.3 2.0 0.7 ‘ 1,499 8.0 8.5 f 
Vs 4 81.1 +0.1 22 0.7 0 1,4 : 8.5 5 
3 5 81.0 ott 0 0 ) ‘ 7 »548 ) 1 { 
80.8 —0.2 6 0.7 ) ) 6.7 28 ) 
7 81.1 0.3 ? 0.724 } 13.9 454 0 8 6 
< 80.7 me 4 5 48 4.9 ) 
i 80.4 0.2 1.0 0.748 . 89 1 4.1 { g 
14 81.2 + 22 ©0731 9 »549 5; I 
7 80.0 1 0.3 0.737 1,629 OF 4 f 
4 ) ) on 9 0.7 4 f 1,598 06 ) “ 
79.2 —0.5 0 1,665 + 7 0 f 
20 79.2 +00 29.0 8 1,737 + 7.3 ) f 
1 79.0 0 Z 4 14 ? 1,5 7 3 7 64 
29 79.7 ( 7 0.726 + 0.5 1,695 + 48 4 
a 
‘ 
s 
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TABLE 3.—Pa 


Subject: H. M.; height, 159.4 cm.; age, 21 
Weight 


Daily centage 


Varia 
tion, 
Date Kg Kg 
May 29 108.4 

0 108.4 +0.0 

31 108.0 —0.4 

ne 1. 107.6 —0.4 
2. 107.6 +0.0 

4.. 107.0 —1.0 

5 107.0 +0.0 

6 107.0 +0.0 

y 107.2 +0.2 

9. 105.8 —1.4 

11 106.5 0.3 

12 106.3 0.2 
13. 106.1 —0.2 

14 105.9 0.2 

15 105.7 —0.2 

16 105.4 —0.3 

8 105.3 0.7 

19 105.0 0.3 

0 105.0 +40.0 

1 104.7 —0.3 


Ss 











TABLE 4. —V "eekly 
ubject: E. 8.; height, 150.9 








77.7 
76.2 
75.4 
75.0 
73.4 





104.1 
103.9 
103.5 
103.7 
103.5 
102.9 
102.5 
102.6 


Weight 


Daily 


0.6 
—0.4 
+0.1 


-_ 
Per- 
centage 
Over 


Loss, Normal 


Kg. 
—0.2 
—0.1 
—0.3 
+0.0 
—0.2 
—0.2 
4-0.1 
—0.2 
—0.1 
—0.2 
—0.2 
—0.1 
+0.0 
+0.0 

0.4 


Weight 


42.4 
41.4 
42.9 
42.5 
40.4 


39.0 














11 Heat 





Production 


years; normal! weight, 55.5 Kg. 




















Pulse 
Rate 


70 


Thyroid 


Pulse Extract, 


Gr. 


1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 


2.0 


Heat Production 
————_{ —§_— - — — 
Per- Calo- Percent Percent- Calo 
ries per age of Calo age of ries 
Variation Sq.M. Devia- ries Devia- per Kg. 
Over per tion from per 24 tion from per 24 
Normal R.Q Hour Normal Hours Normal Hours 
95.4 0.688 37.5 + 1.4 1,880 — 0.5 17.4 
95.4 0.681 $7.2 0.5 1,865 1.2 17.2 
94.6 0.736 - 43 1,768 6.2 16.4 
93.9 0.734 5.3 1,750 - 7.0 16.3 
93.9 0.741 8 1,666 11.4 15 
92.8 0.715 4.9 5 1,736 — 7.4 16.2 
2.8 0.732 33.8 8.¢ 1,68 10,2 15.2 
92.8 0.700 35.5 4.2 1,764 5.9 16.5 
93.2 0.708 33.2 0.3 1,652 12. 15.4 
90.7 0.699 34.8 6.0 1,727 - 74 16 
91.9 0.744 34.9 ».6 1,738 — 7.1 1¢ 
91.5 0.742 32.8 11.2 1,633 —12.6 15.4 
91.1 0.75 33.6 9.1 1,672 10.4 15.8 
90.8 0.731 34.0 8.1 1,690 — 9.4 16.0 
90.5 0.732 35.2 4.8 1,750 6.1 l¢ 
90.0 0.688 2.6 1,791 — 3.7 17.0 
89.7 0.644 11.4 1,670 —10.1 15.9 
89.2 0.684 30.4 3 1,751 — 5.f 16.7 
89.2 0.683 32.7 11.6 1,616 —12.9 15.4 
88.7 0.727 34.2 7.5 1,691 — 8.7 16.2 
87.6 0.694 34.2 — 8.6 1,683 - 89 16.2 
87.3 0.733 36.5 1.5 1,792 — 2.9 17.3 
86.5 0.742 33.9 5.6 1,656 —10.1 16.0 
86.9 0.717 34.6 6 1,696 — 8.0 16.4 
86.5 0.695 35.8 8.1 1,754 — 4.8 17.0 
85.4 0.708 33.3 1.9 1,624 —-ll 15.8 
84.5 0.740 34.7 6.5 1,675 — &.f 16 
84.9 0.743 7.9 1.4 1,845 + 0.6 18.0 
y Averages of Daily Basal Heat Production 
cm.; age, 35 years; normal weight, 55.9 Kg. 
Heat Production 
~~ : Deandiunnntieipuet a 
Calo- Percent- Percent- Calo 
ries per ageof Calo- ageof ries 
Sq.M. Devia- ries Devia- per Kg. 
per tion from per 24 tion from per 24 
R.Q Hour Normal Hours Normal Hours Rat« 
39.0 + 5.9 1,640 + 7.5 20.7 71 
5.1 1 1,472 — 3.6 18.6 69 
i + 18 1,583 + 3.2 19.9 72 
34.1 — 7.9 1,432 — 6.6 18.0 69 
3.4 —15.2 1, —13.5 16.8 62 
0.8 16.9 i, —15.2 16.6 59 
0.8 17.2 1,2 —15.9 16.5 60 
1.5 14.9 1,304 —13.1 17.1 58 
0.6 17.5 1,256 —16.0 16.6 56 
1.4 —15.2 1,285 —13.5 7.2 53 
7 —13.9 1,281 —13.2 17.5 58 
32.2 —12.9 1,304 —11.1 18.0 62 
31.2 —15.8 1,260 —14.1 17.4 57 
34.2 7.5 1,380 — 5.6 19.1 6f 
4.8 1,409 — 2.9 19.9 58 
0.78 1.6 7 1,416 1.5 20 72 
0.741 8.0 + 2.6 1,506 - 4.9 21.7 70 
6 - 9.3 1,377 — 7.7 18.4 
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Weight Heat Pro 
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Weeks Kg 





Saha 


rte 98 s~ 
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x 
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6 7 0.0 6.1 0.764 ~ 

7 87.8 1.0 2.9 0 

8 0 1 41.7 0.777 4 - 

) 85.8 0.4 .8 0.771 { ) 

10 Ss 4 1.0 5 : a € 

ll 85.4 ) 1 ).729 4 yf é 

12. 83.8 0.4 6.6 ( 4.8 “ 

13. ) { 4 0.779 t g 

14. f 4 = 0.71 8 

15. 0.1 1.9 ) 88 
: 16 8 0 1. ) 4 
; 17 ) 0 4 ).728 f 4 ,64 0 
Dd 

Average 0.2¢ . 1,640 

TABLE 6.—IlVe lverag f E | 
e( H. M.; h 159.4 en age, 21 years ‘ weight LN 
4 — 
] Ca Pert ( 
5 
‘ ries pe ( ige of S 
So.M ries Devia p he 
per t per 24 tion from pe 
a Weeks Kg. R.Q. H Normal Hours Norma! Hours 
; e 
8 0 94.6 0.716 3 f 
L 6.8 { 2 0.7 4.4 ~ r 
6.0 0.2 ) ( 4.4 4 
i 4 04.7 0 88. f $ 
4 5 03 0 85.8 s 
4 Average.... ‘ f 4.8 ( 794 
TABLE 7 nsensible ] 

‘ 





. Hea 
Per ( s Producti¢ 
Sq. Meter Per Kg Sq. Meter per Kg to 
of Body PerHour per Hour, per Hoi per Insensible 
Surface Gm Gu Gm Hour Loss 
1.75 07 0.34 5 8 
1.7 8 17.2 S 
1.75 8 48 21.7 
A 0.34 15.4 
1.75 ( $ 
1.75 9 0.4 2 . 


siti 








1.75 24 
: 1.75 t 0.54 4 
4 1.75 37 4 : 
} 2 7 29 0.41 8 5 
5 1.7 82 H 
% 1.73 2g 0.4 r { 
1.73 42 0.54 ‘ 
7 99 0.98 - 
j 
: 








TaBLe 7.—Insensible Perspiration—Continued 
Subject: C. B. ® 











Loss of Weight Ratio of i 
se oeiaall —— Heat : 
Per Calories Production 
30dy Sq. Meter Per Kg. Sq. Meter per Kg. to 
Weight, of Body PerHour per Hour, per Hour, per Insensible 
Date Kg. Surface Gm. Gm. Gm. Hour Loss 
10/15 78.4 73 33 0.42 0.72 1.71 3 
10/17 77.9 a3 35 0.45 0.68 1.51 5 
10/18 77.8 .73 30 0.39 0.71 1.82 
10/22 77.6 72 29 0.37 0.70 1.89 z 
10/24 77.4 72 25 0.32 0.71 2.29 % 
10/25 77.6 72 23 0.26 0.69 1.92 : 
10/26 77.5 72 29 0.37 0.73 1.97 
10/27 16.9 <2 25 0.33 0.64 1.94 
10/29 76.6 71 $2 0.42 0.70 1.67 
10/30 76.5 By 2 26 0.3 0.72 2.12 
10/31 75.9 71 24 0.32 0.68 2.13 
11/ 1 7 71 40 0.53 0.71 1.3 
11/ 2 71 3 0.39 0.71 1.82 
1l/ 3 71 27 0.36 0.75 2.08 














1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.71 29 0.39 
1 
1 
1 
1 
1 
1 
1 
] 
1 
1 
1 
1 
1 
1 
1 
1 























11/ 5 3 1.72 b 
1l/ 6 75.4 71 87 0.49 1.53 
11/ 7 75.6 71 27 0.36 1.89 
11/ 8 75.2 71 31 0.41 1.66 ‘ 
11/ 9 75.3 71 35 0.46 1.50 a 
11/12 75.8 71 27 0.36 1.97 p 
11/15 74.5 70 37 0.50 1.50 . 
11/19 74.0 68 26 0.35 2.29 a 
11/23 73. 68 19 0.2¢ 2.80 4 
11/27 73.2 68 21 0.29 2.66 Bs 
11/30 7 68 40 0.55 1.36 “| 
12/ 6 75 68 30 0.41 1 Si 
12/11 68 41 0.57 3 1 "| 
12/13 68 42 0.58 0.83 1 2 
12/15 68 26 0.36 0.84 
12/17 68 21 Ry 
12/18 68 89 
12/24 1.67 23 # 
PEP rer ie 3 0.41 18.1 0.72 1.89 
Tas_e 8.—Insensible Perspiration 
Subject: C. B. a 
Loss of Weight Ratio of id 
r ——_—— ~ Heat a 
Per Calories Production Ms 
Body Sq. Meter Per Kg. Sq. Meter per Kg. to iH 
Weight, of Body Per Hour per Hour, per Hour, per Insensible ‘3 
Date Kg. Surface Gm. Gm. Gm. Hour Loss 
6/13 91.5 2,02 22 10.9 0.73 ; 
6/14 91.6 2.02 28 13.9 0.71 a 
> : bt 
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6/18 1.5 2.02 29 .32 14.4 0.80 a 
6/19 91.1 2.01 26 0.28 12.9 0.77 i 
6/20 90.7 2.01 $2 0.35 0.73 Bs 
6/21 91.0 201 18 0.20 0.68 
6/22 89.7 01 36 0.40 f fh 
6/23 89.5 2.01 27 0.30 0.73 ¥ 
6/25 89.4 01 35 0.39 0.81 : 
6/26 80.9 2.01 36 0.40 0.75 i 
6/27 90.1 2.01 31 0.34 0.81 5 
6/28 0.0 » 01 34 9.38 0.83 3 
6/29 89.6 ?.00 24 0.27 0.85 e 
7/2 R86 1.99 85 0.40 17.6 0.78 ; 
if 7/3 8s 1.99 9 0.4 19.6 
7/4 88.1 1.99 35 0.40 17.6 een ape i] 
7/5 87.6 1.98 38 0.43 19.2 0.85 1.98 


Si a a. bctad MESSRS SS 














" 


ie 











Date 


Pad AT nd A) AF ad Od Ad od A) 99 90 oT od 9 I oJ 


Subj 





ect E. 8 


Body 
Weight, 
Kg. 


87.1 
87.4 
86.4 
87.0 
87.5 
NE ? 
86 

8 

86.1 
86.0 
85.1 
85.4 
85.3 
85.1 
85.0 
ov. 
a5 9 
85.6 
&3.6 
2 7 
81.8 
21 7 
81.4 
Q1 < 
81.0 





81.0 


TABLE 8.— 


Sq. Meter 
of Body 
Surface 


Los 
1.98 
1.9 
1.98 
1.98 
1.96 
1.96 
) 
\- 
Of 


R & 


= 


96 
1.96 
1.96 
1.94 
1.94 
199 

BS 





1 99 
+ 
09 

1.9 
9 





Inser 


Perspi 








sible 


ation, 


Gm. 


Heat Produced 


per 


24 Hours, 


Calories 


900 








Insen St 


ollie 


Per Hour 
Gm. 


Ratio of 


Heat Produced 


to Insensible 
Perspiration 


ble Per spir ation—C 


Loss of Weight 
—___A___—_— 


Per Kg. 
per Hour, 


Gm. 
0 
( 

t 
0 ) 
0.36 
0 
( 
( 

" 
0 ) 


0.4 
( 14] 
4 
0.4 
‘ { 
Hou in - 
f 7 shes 
ladle vou 
Insensible Heat Pre 
Perspiration, per 24 He 
i Calor 








Per 
Sq. Meter 
per Hour, 
Gm 


1 
14 


“1 ® bo 





Hour 
s4 
08 
I 

1 } 


Ratio of 
Heat 
Production 
to 
Insensible 
Loss 


Ratio of 
Heat Produced 
to Insensible 


Perspiration 











1010 ARCHIVES OF INTERNAL MEDICINE 


COMMENT 

The daily basal metabolism of all three subjects, as given in tables 
1 to 3, fluctuated considerably, varying from 1,751 to 1,163 calories per 
twenty-four hours in E. S., from 1,876 to 1,392 calories in C. B. and 
from 1,880 to 1,616 calories in H. M. However, the weekly averages 
given in tables 4 to 6 show that as the weight of the subjects slowly 
decreased, there was also a gradual decrease in the heat production. 
This was less marked in C. B., who was more neurotic than the other 
two subjects. The high value of her last weekly average was due in 
part to the fact that she was restless and anxious to leave the hospital. 
On the basis of the averages of the first week and those of the next to 
the last week, her basal metabolism decreased from 1,684 to 1,553 
calories per twenty-four hours as her body weight was reduced from 
94.5 to 81 kilograms. In other words, a reduction of 16.7 per cent of 
body weight was accompanied by a decrease of 8.4 per cent in basal 
metabolism. The heat production of E. S. decreased steadily from a 
weekly average of 1,640 calories per twenty-four hours to that of 1,256, 
which was 17.5 per cent below her normal standard according to DuBois 
and 16 per cent below as compared with Benedict’s standard. She was 
therefore given treatment with thyroid extract, first 1 and then 2 grains 
(0.06 and 0.13 Gm.) a day. In spite of the administration of thyroid 
extract, her basal metabolism decreased from 1,640 to 1,416 calories per 
twenty-four hours as her weight was reduced from 79.7 to 69.7 kilo- 
grams, using also the averages of the first week and those of the next 
to the last week of the experiment. The decrease in heat production in 
this subject exceeded that of her body weight. A reduction of weight 
of 14.3 per cent was followed by a lowering of 15.8 per cent in basal 
metabolism. Unfortunately, our best subject, H. M., who was calm 
and willing to cooperate, had to go home after taking part in the experi- 
ment for five weeks. In spite of the short duration of the experiment, 
she lost 4.9 kilograms, or 4.8 per cent of her initial weight. Her loss 
of weight was followed by a decrease of 4.6 per cent in basal metabolism, 
from a weekly average of 1,787 to that of 1,708 calories per twenty-fcur 
hours. 

In the case of C. B., the diminution of body weight was accompanied 
by an increase in heat production when the latter was expressed as 
calories per kilogram per twenty-four hours. Thus, as the weight 
decreased from 95 to 79.7 kilograms, the basal metabolism increased 
from 17.4 to 21.4 calories. per kilogram per twenty-four hours. No 
similar relationship was observed in the results of the other two sub- 
jects. Their heat production expressed as calories per kilogram of 
body weight fluctuated irrespective of the loss of weight. When the 


values of the weekly averages were used, the coefficient of correlation 











i faked ord ead 


Bach a 


2 


AOD td ash 


ie 


Ee ose 











WAN 
between the body weight in kilograms and the calories per kilogran 
twenty-four hours was —0O.71 for C. B 0.33 and —0.25 for E. S 
1 and H. M., respectively, showing a fair degree of inverse correlati 
’ C. B. and only a slight correlation in the other tw 
In comparing our results with normal standards using the 
weight of the patients, the basal metabolism of all three subjects was 
lower than either the Benedict or the DuBois standard. The averag 
values were 9.3, 6.3 and 6.0 per cent below the Dubois standard or 7.7 
3.2 and 7.4 per cent below Benedict's. It is of interest to observe tl 
with no exception in the case of C. B. and with a few exceptions 
' E. S., the values of heat production were closer to the Benedict stat 
than to the DuBois. On the other hand, the reverse was true in 
; case of H. M., who was far more obese than the other two. If the ideal 
weight of the subjects was used, the heat production of all three became 
higher than their standard. Thus, for instance, at the beginning 1 
experiment the heat production (using weekly averages) of “ 
4 25.6 per cent above the Benedict standard and at the end of the expe 
ment, 15.3 per cent above. The corresponding values for C. B 
H. M. were 16.3, 13.8, 28.9 and 32.2, respectively. These values ar 
close agreement with those reported by Strang and Evans,? who pointe 
a out that, using ideal weight, obese subjects invariably showed 
increased basal metabolism which decreased with the reduction of b 
i weight. Since the experimental diet was adequate in all food essential! 
except caloric value, which was lowered by reducing chiefly the fat 
: tent to a minimum, the decrease of body weight of these subjects must 
be due largely to the loss of adipose tissue. The reduction of thei 
energy production is, therefore, probably the result of the biologic adapt 
: tion of the body to a lowered energy intake as was pointed out by Lush 
The influence of the reduction of body weight on the respirat 
quotient varied with the subjects. There was a tendency toward a grad- 
ual decrease during the course of reducing weight in the case of C. ] 
The weekly averages of the first three weeks gave a v: clos 0.8 
; which gradually decreased to a figure near 0.7 at the end of the exper 
ment. The respiratory quotient of H. M. was unusually constant; the 
weekly averages varied from 0.691 to 0.732. In the case of E. S., th 
values fluctuated independently of body weight between 0.841 and 0.693 
J. M., and Evans 4 x 
gation 6:277 (Oct.) 1928 ' A, and Strane 
Departure from the Usual Methods in Treating Obesity, Am. J. M. Sc. 177: 
(March) 1929. 
3. Lusk, G.: The Phy gical |} r : : 1 
Oct 1921 
Hi 
4] 





a 
é 

i 
e 








1012 ARCHIVES OF INTERNAL MEDICINE 


The pulse rate of E. S. showed a tendency to vary with the basal 
heat production. The weekly averages ranged between 53 and 72. No 
relation between the pulse rate and the metabolism was found in the 
other two subjects. The pulse rate of C. B. varied from 54 to 72, with 
the majority lying between 55 and 65. The values for H. M. were 
exceptionally constant; the weekly averages ranged between 63 and 67. 

During the experimental period the study of insensible perspiration 
was also conducted on two of the three subjects. The measurements 
were made during a ten hour period at night from 9:45 p. m. to 7:45 
a. m., a platform scale being used, the so-called “silk scale” recommended 
by Benedict. Tables 7 and 8 show that the values varied widely in both 
subjects; in E. S. they ranged from 0.58 to 0.26, with an average of 
0.41 Gm. per kilogram per hour. When computed on the basis of a 
square meter of body surface, they ran between 25 and 12.5, with an 
average of 18.1 Gm. per square meter per hour. The corresponding 
values for C. B. were 0.47 and 0.20, with an average of 0.33 Gm. per 
kilogram per hour and the values per square meter per hour were from 
19.8 to 8.3, with an average of 14.5 Gm. The average insensible loss 
per hour of these two subjects was 31 and 29 Gm., which is in close 
agreement with the results reported by previous investigators on normal 
subjects. The average insensible perspiration per person reported by 
Benedict and Hendry *® from a study of a group of girls between the 
ages of 12 and 17 was found to be about 30 Gm. per hour, with the 
exception of two cases in which it was 38,and 45. In a later investiga- 
tion ®° made on two groups of girls, the same authors gave the average 
value as 33 Gm. per hour. In a study* made on a woman weighing 
60 kilograms, during the greater part of a year, Benedict and Root gave 
the average as 28.7 Gm. per hour. In the same report the authors also 
gave 24 Gm. per hour as the average insensible loss of a woman studied 
in a series of organized weighings with the platform scale. 

In order to facilitate the comparison of basal heat production with 
the insensible loss, the ratio of the two was computed as is shown in 
tables 7 and 8. In each case, the basal metabolism was taken within 
an hour following the morning weighing. In E. S., the ratio varied 
from 2.8 to 1.33, with an average of 1.89. The corresponding values 
for C. B. were 4.18, 1.64 and 2.92. Since the latter subject is more 


4. Benedict, F. G., and Root, H. F.: Insensible Perspiration: Its Relation 
to Human Physiology and Pathology, Arch. Int. Med. 38:1 (July) 1926. 

5. Benedict, F. G., and Hendry, M. F.: The Energy Requirements of Girls 
from Twelve to Seventeen Years of Age, Boston M. & S. J. 184:217 (March 3) 
1921. 


6. Benedict, F. G.: The Basal Metabolism of Young Girls, Boston M. & 
S. J. 188:127 (Feb. 1) 1923. 








excitable, a greater variation in the resul would be expected. Ih 


comparison with the curve of the relationship between insensible per- 
spiration per hour and the heat production per twenty-four hours 
constructed by Benedict and Root,* our values do not agree closely 
with theirs. In the case of E. S., the insensible loss is u 
than the predicted value, whereas the reverse is true of C 

Table 9 shows that, according to Benedict’s prediction, 
the basal metabolism is, the lower the ratio. Thus, by recomputing 
his table 4,* as the basal metabolism ran from 900 to 2,272 calories 
twenty-four hours, the ratio decreased from 2.68 to 1.63. 


TC 


Ty? 
Ss }* 


of our two subjects failed to correspond with the foregoing 
E. S. had an average basal metabolism of 1,377 calories per twenty-four 
hours; the average ratio was 1.89, whereas C. B. had a higher basal, 
1,640 calories per twenty-four hours, with a higher ratio of 2.92. We 
are unable to explain whether this discrepancy 1 he extra adipose 


tissues of our subjects or to some other biolo 


SUMMARY 


1. A total of 190 metabolic tests were made during a period oi 
reducing weight by diet in three obese women, one of whom had 
diabetes. In the latter a steady decrease in basal metabolism was 
observed until thyroid extract was administered. In the other two 
subjects, the decrease was less marked. 

2. Per kilogram of body weight, the basal metabolism of one of 
the subjects, C. B., increased gradually with the loss of weight, but 


no such relationship was observed in the other two. The coefficient of 
correlation between the loss of body weight and the increase of 


production per kilogram per twenty-four hours showed a fair degree 


of inverse correlation, —0.71 in C. B. and only a very slight 
tion in the other two, — 0.33 and — 0.25, respectively. 

3. A slight tendency toward the lowering of the respiratory 
was observed in C,. B., but not in the others. 


4. In E. S., the pulse rate showed a tendency to decrease 
basal metabolism, but the values varied independently of the 
metabolism in the other two subjects. 
5. Insensible perspiration of two of the subjects showe 
fluctuation. The average insensible loss was 31 Gm. per hour in E. S. 
, 


and 29 Gm. in C. B. No definite relationship was found betweer 


insensible perspiration and basal metabolism in these two subjects. 











THE ORIGIN OF UROBILINOGEN 
A CLINICAL EXPERIMENT * 


I. M. RABINOWITCH, M.D. 


MONTREAL, CANADA 


rom time to time physiologists devise various experimental pro- 
cedures to test their theories. Occasionally, however, one may meet with 
a clinical condition that corresponds to the ideal laboratory experiment 
for explaining a given phenomenon. The literature contains many 
such examples, and the case reported here is an additional demonstra- 
tion. Its data are of interest particularly with regard to the origin of 
urobilinogen in the body. 

Estimation of the urobilinogen content of urine has now been a 
routine in this laboratory for a number of years, particularly in the study 
of disorders of the blood and liver. All methods available have been 
tried, but from a quantitative point of view none has been found per- 
tect. For practical purposes, however, the method described by Wallace 
and Diamond in 1925, has been found to be the most satisfactory and 
has been in use since it was first reported. As in all laboratory tests with 
a large routine and accumulation of data, anomalous results are met with. 
Provided technical errors have been eliminated, the interpretation of 
such results never fails to be of interest. They may alter the interpreta- 
tion of future data and occasionally contribute to the knowledge of 
physiology. 

Unless one is certain of the facts of an experiment and unless the 
results are definite, one should hesitate to publish data that might add 
to the confusion now existing with regard to the various functions of the 
liver. Mann put it very well when he stated that “the liver has served 
as the waste-basket of the body into which have been dumped numerous 
manuscripts of conjecture concerning obscure physiological and patho- 
logical phenomena and uncounted prescriptions.” In the case to be 
reported, the experimental results were, however, sufficiently definite to 
warrant their publication. 

It is not my purpose to review this subject in this brief report, as 
excellent reviews are now available in the literature. A few observa- 
tions must, however, be made in order to separate theories from facts 
and also because they are essential for the interpretation of the data 
obtained. 


* Submitted for publication, May 17, 1930. 
*From the Department of Metabolism, the Montreal General Hospital. 








RABINOWITCH—I 


There is general agreement that hemoglobin, bilirubin and uro 
bilinogen are intimately related. Not only is there similarity between 
their chemical structures, but there is also experimental evidence: It 
has repeatedly been shown that urobilinogen may be produced, in vitro, 


by reduction of bilirubin with sodium amalgam or other reducing agents. 


Whether bilirubin has its origin in the hemoglobin of the blood only 
or whether it is derived from other sources as well is still unsettled. No 
one, however, doubts that bilirubin can, and does, originate from hemo- 
globin. There may also be some doubt as to the relative importance of 
the different sites of bile formation (liver, bone-marrow, etc.). There 
appears, however, to be sufficient agreement that the liver can, and does, 
supply this function. The biliary passages are also the chief paths of 
elimination of these pigments, and by means of them the latter pass into 
the intestinal tract. With regard to the course of events beyond this 
stage, however, the subject is much more controversial. 

There appears to be general agreement that in the intestine, because 
of the reducing properties of its flora, bilirubin is converted into uro 
bilinogen. The urobilinogen may then follow one of three paths. It 
may be excreted with the feces or reabsorbed into the liver or into th 
circulation and eliminated in the urine. The amounts found in the urine 
are small, under normal conditions. Excessive quantities are found 
either in association with hepatitis or in conditions associated with 


1 
} 


excessive destruction of blood. Provided the liver is not exposed t 
organisms with reducing properties, it is generally accepted that exira- 
intestinal reduction of bilirubin to urobilinogen does not take placé 
Recently, Wallace and Diamond, following a review of this subject and 
some experimental work, again concluded that there is no extra- 
enterogenous formation of urobilinogen. The following case, however, 
is presented as evidence to the contrary. Though the experiment was 
clinical, the results, as I have stated, appear to have been so definite as t 
warrant their consideration. The data demonstrate not only the possi- 
bility of an extra-intestinal origin of urobilinogen, but also that the 
formation of this pigment from bilirubin may take place in the absence 
of its exposure to bacteria with reducing properties. The foll 
are the relevant facts: 

REPORT OI 


’ 


A woman, aged 44, was admitted into the logical 
General Hospital on March 16, 1930, with acute abdominal 
was not definite, but the probabilities considered were (a) 
torsion of the pedicle and (b) a malignant growth terminatin 
abdominal crisis. As this report is essentially bi 
are relevant with regard to the clinical aspects of the ca 
vations of special interest here were as follows: 
urine in a dilution greater than 1: 1,000; the 
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The association of such large amounts of urobilinogen in the urine with normal 
quantities of bilirubin in the blood was never met with before in my experience. 
To exclude technical errors, the test was repeated on the afternoon of the same 
day; the results were the same. 

In view of these observations and the prevalent conception of the physiology 
of bile pigment, I suggested that there was probably some extravascular accumula- 
tion of blood; and that this blood was being reduced to urobilinogen at its source. 
The latter suggestion appeared reasonable, since if the reduction was taking place 
in the intestines, it would imply that large amounts of bilirubin had to enter the 
circulation from the extravascular collection of blood. If this was the case, the 
plasma had to contain either free hemoglobin or excess bilirubin. There was no 
evidence of hemolysis, and the van den Bergh reaction was negative. 

Though it is known that bilirubin may be reduced to urobilinogen by nonbac- 
terial agents in vitro (sodium amalgam, etc.), as far as I could ascertain from 
the literature, bacterial reduction is the only type that has ever been reported in 
the body. It was therefore also suggested that this extravascular accumulation 
of blood was infected. 

In making the foregoing suggestions, it was assumed that the van den Bergh 
reaction is specific for bilirubin and that the para-dimethyl-amido-benzaldehyde 
reagent used is specific for urobilinogen. As a matter of fact, the latter assump- 
tion is not correct, since the reaction is common to pyrrol groups. In view, how- 
ever, of the large experience with this reagent, it may reasonably be assumed that 
the red color obtained when this reagent is added to urine is practically wholly 
due to urobilinogen. 

On March 20, a laparotomy was performed and the preoperative diagnosis 
was proved to be partly correct. The condition was found to be a large ovarian 
cyst with torsion of the pedicle. The surface was very dark and obviously cyan- 
otic. On opening the cyst it was found full of blood, a specimen of which was 
obtained for bacteriologic examination. The report from the pathologist showed 
that the blood was sterile. 


That the mass of blood in the cyst was the source of the excessive 
amount of urobilinogen found in the urine appears obvious from the 
fact that in a specimen of urine obtained twelve hours after operation, 
that is, after the removal of the mass of extravascular blood, the quantity 
of urobilinogen was normal, namely, less than in 1:10 dilution. In this 
case, we therefore appear to have proof that urobilinogen can be formed 
not only outside of the intestinal tract but also in the absence of bacteria 
with reducing properties. An explanation for the development of the 
urobilinogen in the cyst is suggested. 

Since the blood in the cyst was bathed with other body fluids, and 
since the latter contained oxygen in solution, one would hardly expect 
reduction of hemoglobin, in view of the marked avidity of the latter for 
oxygen. With the twisted pedicle, however, three conditions would 
immediately result, namely: (a) anoxemia, (b) accumulation of carbon 
dioxide and (c) because of the anoxemia, accumulation of lactic acid. 
According to hemoglobin dissociation curves, the increase of carbon 
dioxide tension and hydrogen ion concentration would lessen the avidity 
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of hemoglobin for oxygen; with progressive reduction, hemoglobin 


The foregoing explanation is only a suggestion. 1 


would be converted into bilirubin and then into urobilinogen. 
I 


le purpose of 


this report is to record a clinical experiment which appears to demon- 
strate that urobilinogen may not only be formed in the body outside of 


the intestinal tract, but also in the absence of bacteria as reducing agents. 











THE CORRELATION OF WIDAL’S POSTDIGESTIVE 
LEUKOPENIA AS A TEST FOR LIVER 
FUNCTION WITH THE NORMAL 
RHYTHM OF THE 
LEUKOCYTES * 


MORRIS GOODMAN, M.D. 


AND 
JOSEPH E. CONNERY, M.D. 


NEW YORK 


Widal, Abrami and Iancovesco! described a test for liver dysfunc- 
tion which they believe is based on an anaphylactic blood reaction. 
This reaction, to which they gave the name of hemoclastic crisis, mani- 
fests itself as (a) leukopenia with a relative lymphocytosis, (2) fall of 
blood pressure, (c) decrease in the refractometric index of the serum 
and (d) an increase in the coagulation time of the blood. The authors 
stated that these phenomena are a response of the presence of low 
proteins (peptones) in the general circulation. Their theory for the 
appearance of these products in the general circulation is that during 
digestion of protein the partially digested proteins which reach the liver 
via the portal circulation pass through and enter the general circulation 
when the liver is diseased. The normal liver prevents this transmis- 
sion, because it has the property of arresting the low proteins (proteo- 
pexic function). 

These authors offered the following animal experimentation in sup- 
port of their theory. During digestion of protein either shunting of 
the portal blood into the systemic circulation by Eck’s fistula or the 
injection of portal blood into a systemic vessel provoked hemoclastic 
crisis. The authors stated that the leukocyte test for hemoclastic crisis 
is delicate and definite, and that it will detect liver dysfunction with 
small quantities of protein. The technic of this test as described by 
Widal and his collaborators is as follows: The patient fasts for at 
least five hours preceding the test. A single control white cell count 


* Submitted for publication, Feb. 14, 1930. 
* From the Department of Medicine, New York University and Third Medical 
Division, Bellevue Hospital. 

* The tests for liver function were carried out by Dr. Norman Jolliffe as a 
part of his study of liver function (J. Clin. Investigation 8:419 [April] 1929). 


1. Widal, F.; Abrami, P., and Iancovesco, N.: L’épreuve de l’hémoclasi 
digestive dans l'étude de l’insuffisance hépatique, Presse méd. 28:893 (Dec. 11 


1920. 
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is made, and immediately 200 cc. of milk is given by mouth. Whit 
blood cell counts are repeated every twenty minutes for two hours. In 
the presence of liver dysfunction, leukopenia develops, usually within 
the first hour, the maximum of which is reached in the first twenty to 
forty minutes. At the end of ninety minutes, the count returns to the 
control level or goes above it. When the liver is intact, the counts do 
not fall below the initial count, and a leukocytosis may follow 
tive leuk cy tosis - 

The authors obtained a positive reaction in thi 
nine patients with disease of the liver. The test gave ne 
in all of eleven normal persons, in nine of whom leukocytosis ; 
The test gave negative results in other pathologic conditions 


the liver was intact. 


The literature, which is largel) | 
of the work. The value of the test and its theoretical 
disputed. Shaw ? applied the test to seven patients with 
liver, and to twenty-three normal persons. He controlled hi 
making serial counts while the patient was at rest, and by 
stances other than milk—distilled water, casein and_ butte 
conclusions were: 1. The leukocyte count under normal condi 
fluctuates considerably, but at times it is in equilibrium. 2. There 
digestion leukocytosis or “digestion leukopenia,” and the results record 
as such in the literature on hemoclasis are simply an expression of 
phase of the normal curve at the time the test is done. 

The author quoted Mauriac and Cabouat,’ Servantie, 
Monod * and Kobryner® to support his observations of 
the leukocytes in normal subjects at rest 

Storm van Leeuwen, Bien and Varekamp ° obtained a 


cytes in normal and in asthmatic persons within two minu 


ingestion of a meal. They showed that the curves varied in the sa 


subjects when the counts were repeated. They concluded that the 
cyte curve does not give evidence of a “crise hémoclasique.” 
2. Shaw, A. F. Bernard A Stud 
Function, With Special Reference to the 
(May 16) 1925. 
3. Mauriac, P., and Cabouat, P.: Paris méd. 11:407, 1921. 
Servantie; Panzat and Monod: J. de méd. de Bordeaux 12: 
. Kobryner, A.: Compt. rend. Soc. de biol. 90:1475, 1924 
6. Storm van Leeuwen, W.; Bien, Z., and Varel p, H 
Leucocytosis in Its Relation to the Crise Hémoclasi¢ 


36:414, 1922. 
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Middleton and Thewlis,’? in a study of patients with catarrhal chol- 
angeitis, concluded that the protein factor was not essential for the 
production of hemoclastic shock. Feinblatt,* in a study of eighty nor- 
mal persons, found a consistent leukocytosis after the ingestion of milk. 
Of fifty patients with various diseases, he obtained a positive reaction 
in twenty-two.° He concluded that a positive Widal reaction is indicative 
of faulty hepatic proteopexic function, and that the test is not a measure 
of the quantitative gross lesion.’° 

Brown '' accepted the test as probably yielding information respect- 
ing special functions of the liver, but he drew no conclusions from his 
own observations on patients with questionable disease of the liver. 

Sabin, Cunnningham, Doan and Kindwall ?* showed that regardless 
of digestion, the leukocytes had a normal physiologic rhythm which was 
approximately hourly. At every hourly period the leukocyte count 
reached a peak which was followed by a depression of varying depth. 
At times the fall in the number of leukocytes reached 50 per cent of 
the preceding peak. This rhythmic curve ascended through the day to 
the afternoon, so that the high counts of the afternoon doubled the low 
counts of the morning. 

Mention has already been made of other workers who have recog- 
nized a normal variation in the leukocytes.‘*  Shaw,’* working 
independently, was able to confirm the work of Sabin and her 
co-workers, and showed also that there was a diurnal variation in the 
leukocytes. Doan and Zerfas*® showed that comparable leukocyte 

7. Middleton, W. S., and Thewlis, Ethel: The Leukocytic Phase of Haemo- 
clastic Shock, J. Lab. & Clin. Med. 10:462, 1924 and 1925. 

8. Feinblatt, Henry M.: Alimentary Leukocytosis in Eighty Normal Men: A 
Study in Reference to the Crise Hémoclasique of Widal, J. A. M. A. 80:613 
(March 3) 1923. 

9. Feinblatt, Henry M.: Alimentary Leukocytosis in Various Pathologic Con- 
ditions: A Further Study in Reference to the Crise Hémoclasique of Widal, Arch. 
Int. Med. 33:210 (Feb.) 1924. 
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GOODMAN-CON RY—LIVER FUN( 


rhythms occur in many types of disease. Smith and McDowell *® found 
the rhythm unaffected during menstruation, mild fatigue and moderat 
exercise. 

If this rhythmic variation is accepted as a normal physiologic process 
of the leukocytes, then Widal’s leukocyte test for liver function becomes 
untenable. To be of any value, the control counts must extend over a 
period sufficiently long to portray the physiologic rhythm of the leuko- 
cytes, and to interpret a positive reaction, either the entire rhythmic curve 
of the leukocytes must be depressed, or, if the interpretation is to depend 
on the results in the sixty minutes succeeding the ingestion of milk, the 
depression must exceed the physiologic depression. It seemed, there- 
fore, that additional information to the subject could be made if in 
series of patients with disease of the liver, Widal’s leukocyte 
liver dysfunction was correlated with the work of Sabir 
laborators. 

REPORT OF STUDY 

The study was made on twenty hospital patients. Ten had heart 
disease; in eight of these there was congestive failure with enlarged 
livers, and in two the hearts were well compensated and served as con- 
trols. Four were patients with acute catarrhal jaundice; one patient 
showed extensive primary carcinoma of the liver, later proved by 
autopsy ; one was a patient with carcinoma of the stomach who probably 
had extensive liver metastasis; one patient had jaundice following the 
administration of arsphenamine; one patient had an amebic abscess of 
the liver which was drained by repeated aspiration with apparent curt 
one patient had cirrhosis of the liver; and one patient with a parkin- 
the 


sonian syndrome was used as a control. Evidence of disease of 


was determined by the clinical study and by the results of four test 
liver function carried out on each patient. These were: the levul 
tolerance test, the bromsulphalein test, a daily determination of 
urinary urobilinogen according to the technic of Wallace and Diamond ** 
and quantitative determinations of serum bilirubin (van de 

The results of these tests are shown in the accompanying tabl 


All of the patients studied showed some form of abnormality of the 


Tl 
I 
/ 


liver except those who served as controls (5, 7 and 19). In only one 
patient (11) were we unable to palpate the liver. In each patient, at 
least one of the four tests for liver function showed a devi 
the normal. The serum bilirubin (the quantitative test 

16. Smith, Christiana: ar Mcl im 
Blood Cells in Women, Arch. Int. Med. 43:68 (Jan.) 1929. 

17. Wallace, George B., and Diamond, Joseph S.: The Signi 
Urobilinogen in the Urine as a Test for Liver Function, Arch. Int 
(June) 1925. 
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Jergh) was increased in all patients. The bromsulphalein test showed a 
retention in twelve of the seventeen, the output of urinary urobilinogen 
was increased over the normal in nine, and the levulose tolerance was 
impaired in six. In fifteen patients the tests were positive in combina- 
tions, no two of which were always together. In only two patients (13 
and 15) was the van den Bergh reaction alone positive. On two patients 
with cardiac disease who had congestive heart failure (13 and 17) and 
on one patient (14) who had acute catarrhal jaundice, the study was 
repeated after there was marked clinical improvement. The results of 


Results of Correlation Between Widal’s Leukocyte Test and That of Sabin, in a 
Series of Twenty Patients with Disease of the Liver 


Brom- Serum 





Liver, sulph- Bili- Urobili- Levulose Tolerance 
Cm. alein, rubin, nogen . —~ 
Jaun- from per Mg. Dilu. + Fast- 

Case Diagnosis dice Xiphoid Cent per Cent 1in.: ing 20 60 120 

1 Carcinoma of liver . 20 15 3.8 160 69 84 82 100 

Cardiac. 0 8 5 0.92 128 92 120 135 133 

Carcinoma of stomach.... 0 7 5 0.51 40 77 98 100 96 

H Acute jaundice : 4 35 12.5 20 93 119 137 105 

Cardiace.. 0 0 0 <0.5 4 78 92 106 81 

Cardiac 0 10 15 1.1 32 82 96 103 105 

7 Parkinsonian syndrome... 0 0 0 <0.5 8 100 125 125 100 

8 Cardiac... éeaae ‘ 13 5 41.3 64 108 125 130 127 

Cardiac 0 10 i 0.17 128 100 114 117 110 

10 Cardiac. 0 16 ) 0.03 15 108 125 137 125 

11 Acute jaundice - + 0 0 0 80 62 66 80 91 

12 Cirrhosis of liver ; 0 18 0 0.94 32 97 116 146 144 

l3a Cardiac... ‘ 0 15 0 1.8 16 78 82 95 105 

0 8 0 <0.5 9 72 82 90 100 

4 }2 ) 10.1 | 77 S&S 109 &. 

0 0 0 <0.5 40 101 105 118 100 

15 0 8 0 1.1 4 100 100 102 109 

16 Cardiac..... 0 ll 15 0.94 16 70 95 100 102 

lja Oardiac ; 0 12 0 0.64 s 100 135 181 210 

lib. ; 0 5 0 <0.5 $ 117 122 28 114 
18 Jaundice following the use 

of arsphenamine.... t 7 10 9.0 512 137 150 155 166 

19 Cardiac..... : 0 0 0 <0.5 4 80 95 94 81 

20 Acute jaundice 4 5 3.8 16 83 80 117 79 


the second series of tests are given in the table in spaces 13-b, 17-b and 
14-b. In each of these instances, a test previously positive became neg- 
ative. In the case of 14-b, a single specimen of urine gave a positive 
reaction for urobilinogen in a dilution of 1:40, despite the fact that 
numerous specimens both at the height of the disease and subsequently 
were always negative when dilutions of more than 1:20 were used. The 
latter three patients served as controls, both for themselves and for the 
entire group. 

On the basis of these tests and the observations made clinically and 
at autopsy, it was assumed that all of the patients except the ones used 
as controls had abnormalities of the liver, either structural or functional 
or both. It was felt, therefore, that this was a group of patients on 
whom the value of Widal’s leukocyte test for liver function could be 
studied. 
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GOODMAN-CONNERY 


The method was to make counts of the total white blood cells 
either fifteen or twenty minute intervals for a period of two hours 
more. Two series of counts, a control and test series, were don 
each patient. Usually these counts were done on consecutive mornings ; 
in a few instances, they were done on consecutive afternoons. When 
the counts were done in the morning, the patient omitted his breakfast 
In those instances in which the study was made in the afternoon, the 
patient had been without food or drink for at least five hours. The 
control series of counts was done while the patient was fasting; the 
test series was done under the same conditions, except that the patient 
was given 200 cc. of milk by mouth immediately after blood was with- 


drawn for the first or key count. The same pipet and counting chambet 
were used for all observations, and an automatic lancet was used 
puncture the skin. The blood was drawn from the finger tips, 
different finger was used for each count. Duplicate counts were done 
and the average of the two taken \ll of the counts were done by the 
same observer. 

The counts are plotted in curves in the accompanying chart. Inspec- 
tion of the chart shows at once that extensive fluctuations occur in both 
the control and the test curves. They are not long enough to show any 
definite rhythm, but in a general way they show depressions and ascents 
rather than a tendency toward a horizontal straight line. 

A study of all the control curves shows that there is at least one 
period in each curve, except that of patient 12, in which there is a peak 
and a subsequent fall. Each of these depressions in the curves might 
have been interpreted as a positive Widal reaction had a test meal been 
given immediately following the peak count. The control curves show, 
therefore, that Widal’s leukocyte test as it is described by the authors 
cannot be used to determine liver function. 

The second phase of the problem was to determine whether the test 
meal depressed the entire rhythmic curve and whether such depression 
could be interpreted as a positive Widal reaction. In only four of 
twenty-three test curves (1, 11, 16, 17-b) might such a deduction 
made. On the other hand, in as many of the control series of 
(2, 3, 5, 17-a) the same downward tendency existed. There 
dence, therefore, that the meal depressed the entire curve 
period studied. If such a depression exists beyond the two hour p 


this fact does not lend support to the criteria set down b 


his collaborators that after ninety minutes the 
back to the control level or goes above it 
The third phase of the study w: 
of the test meal was followed by an immediate fall in the number of 
white blood cells which was greater than the greatest fall that occurred 


anywhere in the control curves. is clear that the initial fall succeeding 
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Curves showing total white blood cell counts for twenty subjects. The abscissas represent 
time in minutes; the ordinates represent the number of leukocytes. In each case the value of 
the ordinates is given to the left of the curve. The broken line is the control curve; the solid 
line, the test curve. 
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the test meal must be compared, not with the initial fall of the control 
curve, but with the greatest fall in that curve. Such comparison shows 
that in only seven of the twenty-three instances (1, 6, 10, 11, 13-b, 18, 
20) did the depression succeeding the test meal exceed the greatest depres- 
sion in the control. The number is less than one third of the total num- 
ber of curves and is what might be anticipated if the test meal does not 
affect the number of leukocytes. If comparison is made between the 
greatest depression in test curve, regardless of its relationship to the 
antecedent test meal, with the greatest depression in the contt 

then in thirteen sets of curves (1, 6, 10, 11, 13-b, 18, 20, 4, 7, 

17-b, 19) the greatest depression occurs in the test curve; 

ten sets, the greatest depression appears in the control curves. 
numbers are sufficiently close to indicate that the control and 

are similar. 


Further evidence that the two curves are similar is evinced when 


one considers the number of depressions that might be interpreted as 
‘i 


positive Widal reactions were test meals given at the preceding peak 
count. Such consideration shows that there are a total of thirty-two 
depressions in all of the control curves and thirty in the test curv 


SUMMARY AND CONCLUSION 

Serial counts of the total number of leukocytes were made every 
fifteen or twenty minutes for two hours on seventeen patients who 
showed evidences of liver dysfunction. These determinations were made 
according to the technic outlined by Widal for determining such dys- 
function. A control series of counts was made under the same condi- 
tions, except that the test meal was omitted. Marked fluctuations 
occurred in the total number of leukocytes from period to period in bot 
series of curves. There was no evidence that the ingestion of milk had 
any effect on the number of white blood cells in the peripheral circula- 
tion during a two hour period. From this study no evidence can be 
adduced that Widal’s leukocyte test for hemoclastic crisis is a test f 
liver function. 














SPHENOPALATINE PHENOMENA 


PRESENT STATUS OF KNOWLEDGE * 


HIRAM BYRD, M.D. 
In COLLABORATION WITH 


WALLACE BYRD, A.B. 


DETROIT 


Our object in this paper is to bring together the more important 
observations that have accumulated in the literature on the sphenopala- 
tine ganglion during the past twenty-five years and the more important 
observations that have been made during eight years of original work 
on this subject. The original work includes more than 2,000 cases and 
more than 10,000 instances, counting multiples and repetitions, of 
remote dysfunctions * being arrested by anesthetizing the sphenopalatine 
ganglions. This should provide a working guide that will bring the 
student of the subject to the front lines of advance without unnecessary 
delay. 

Anesthetization of the sphenopalatine ganglions and the injection of 
alcohol into them have one feature in common: They render the ganglions 
impervious to the passage of nerve currents. An injection may be 
considered the equivalent of an anesthetization lasting several months 
instead of several hours, and so the associate phenomena need not be 
discussed separately. 


* Submitted for publication, May 25, 1930. 

*From the Jefferson Clinic and Diagnostic Hospital. 

1. The term dysfunction is here used as synonymous with Sir Arthur Lovatt 
Evans’ phrase, “a state of disease:” “A state of disease is never a thing in itself, 
but is always a quantitative change in some physiological process, an increase or 
diminution of something that was there to begin with.” (Address of the Presi- 
dent, Section 1, Physiology, British Association for the Advancement of Science, 
1928.) Dysfunction, then, is a quantitative change whereby a function passes 
beyond physiologic limits, and arrest of dysfunction is a quantitative return of 
the process to within physiologic limits. Any less comprehensive term would be 
insufficient to include the wide range of phenomena observed. In many of these 
cases the arrest of a malady leaves no detectible trace of a pathologic process; 
it is as if no such process had existed; in others a residuum of the process 
remains, but soon disappears, as if the process had been arrested. In still other 
cases the pathologic process seems to be arrested for the time, but tends to recur 
at varying intervals. The most accurate term applicable to these varying phases 
would seem to be “dysfunction.” 
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Anesthetization of the sphenopalatine ganglion is acco shed | 
topical application of 2 minims (0.12 cc.) of 50 per cent butyn to the 
lateral wall of the nasopharynx posterior to the tip of the middle 
turbinate.’ 

“A pinch of cotton is wound upon the tip of the applicat 
compact spindle about five millimeters in diameter at the center. This is dippe 
into the adrenalin and squeezed dry between the forefinger and thum 
flatten it in the same plane with the bent handle. At the same t 
bent to an angle of about thirty degrees in this plane [Two 
added, and the applicator is now ready to be placed 

“Standing on the right side of the patient, with the left forearm resting 
the patient’s head and the leit f inger slightly raising the tip of the t 


operator i! 
wherever i 





itroduces the applicator, coaxing it along the floor of the nose or 


° . 1 ? 1 "’ } 1 +) 
ts passage is found t easiest, to a depth of about two and three- 


quarter inches, when it will be felt to come into the open space of the naso- 


pharynx. 


degrees, wh 


The curved tip is now rotated outward to an angle of about forty 


en it makes contact with the pharyngeal wall. It is left in this posit 


for about five minutes, close watch being kept during this time to see that contact 
with the wall is continuous, when anesthesia of the sphenopalatine ganglion 


be complete. 


“Caution: During this process close observation should be made of 


patient, anc 


test should 


The act of anesthetization is unavoidably preceded by some nasal 


irritation 
pharynx. 
roof of tl 
the tempx 
from rem 
irritation. 


1 should any pallor, nausea, or other untoward symptom supervene, the 


be discontinued.’ 


1 


incident to the introduction of an applicator into the naso- 


A number of phenomena, such as lacrimation, itching of the 


f the nose, coughing, sneezing, 


1e mouth, twitching of the alae « 


rary augmentation of remote dysfunctions and sometimes relief 
ote dysfunctions, are observed during this brief period of nasal 


Such phenomena, however, will not be considered here, as 


this article is limited to phenomena appearing when the ganglions become 


impervious to the passage of nerve currents, which occurs from two t 


five minutes after anesthetization. 


The first recorded instance of a remote dysfunction arrested by 


anesthetization of the sphenopalatine ganglion occurred in a case of 


headache 
dysfuncti 


relieved by Sluder* in 1903. Subsequently such arrest « 
ms has been observed in the neck, trunk and extremities. It 


is in dysfunctions about the eyes, however, that these phenomena are 


2. The 


quoted fre 


authors’ technic for anesthetization of the sphenopalatine ganglion 
m J. Michigan M. Soc. 29:294 [April] 1930) is as follows: “Arma- 





mentarium: an applicator, absorbent cotton, adrenalin, and butyn. The applicator 
is of aluminum, and slender, with about two centimeters of the tip subjected to 
1; ' 1 1: 1 


heat for p 


An1G 


Louis, C. V 





liability. The cotton should be of long fiber; the adrenalin, 1/1000 


t ityn a 50 per cent aqueous solution. 
3. Sluder, Greenfield: Nasal Neurology, Headaches and Eye Disorders, St 


’, Mosby Company, 1927 
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most frequently noted. Sluder* said: “That the pain of all eye 
lesions may be stopped by cocain to the nasal ganglion . . . isa fact 
which has been repeatedly observed.” This statement does not seem 
overdrawn. There are few, if any, pains in the eyes not represented 
in the list, and they are relievable in a majority of cases. Of the 
various pains and other dysfunctions of the eye and periocular structures 
that have been thus arrested we may mention more specifically: the 
pain of iritis, observed by Sluder,’ Byrd * and Ryerson;* the pain of 
keratitis, observed by Sluder,* Byrd* and Ryerson;*® the pain of 
interstitial keratitis associated with syphilis, observed by Byrd;* the 
pain of conjunctivitis, observed by Sluder,*? Byrd* and Ryerson; ° the 
pain of optic neuritis from methyl alcohol poisoning, observed by 
Byrd; * the pain of traumatic ulcer of the cornea, observed by Sluder * 
and Byrd;® blepharospasm, observed by Sluder;* functional hyper- 
esthesia of the ciliary muscle, observed by Sluder;* pain in the eye 
associated with errors of refraction, observed by Byrd;* photophobia, 
observed by Sluder,? Byrd* and Ryerson;* excessive lacrimation, 
observed by Sluder,* Byrd* and Ryerson;* intra-ocular tension and 
pain of glaucoma, observed by Sluder,’? Miller,? Byrd * and Ryerson; ® 
the pain of phlyctenula, observed by Sluder* and Byrd,* and the pain 
of chalazion, observed by Byrd. Dysfunctions of and about the ear 
include: the pain of otitis media, observed by Sluder* and Byrd; * 
chronic otorrhea, observed by Byrd;* otalgia, observed by Sluder,* 
Clerf,° Gugenheim,?® Hansel,*1 Byrd* and _ Lillie;** mastoidalgia, 
observed by Sluder,’ Lillie,’* Cook '* and Byrd; * itching of the external 
auditory canal, observed by Byrd‘ and Ruskin;* tinnitis aurium, 

4. Unpublished cases of the authors. 

5. Ryerson, F. L.: Personal communication to the authors. 

6. Byrd, H.: Pathological Impulses or Currents, M. J. & Rec. 121:141 
(Feb.) 1925. 

7. Miller, H. E., quoted by Sluder (footnote 3, p. 99). 

8. Byrd, H.: Influence of Nasal Ganglion in Treatment of Glaucoma, Arch. 
Ophth. 56:162 (March) 1927. 

9. Clerf, L. H.: Control, Through the Nasal Ganglion, of Earache of 
Laryngeal Origin, J. A. M. A. 82:630 (Feb. 23) 1924. 

10. Gugenheim, L. K., quoted by Sluder (footnote 3, p. 273). 

11. Hansel, F. K.: Otalgia from Abscess of the Tongue Controlled by 
Cocainization of the Nasal Ganglion, Arch. Otolaryng. 7:165 (Feb.) 1928. 

12. Lillie, H. W., quoted by Sluder (footnote 3, p. 273). 

13. Cook, J. D.: Symptomatology of a Case of Sphenopalatine Ganglion Neu- 
rosis, J. Missouri M. A. 21:319 (Sept.) 1924. 

14. Ruskin, S. L.: The Nasal Ganglion in Relation to Itching of the Auditory 
Canal and Tinnitis Aurium, Arch. Otolaryng. 2:269 (Sept.) 1925; Herpes Zoster 
Oticus Relieved by Sphenopalatine Ganglion Treatment, Laryngoscope 35:301 
(April) 1925. 








observed by Byrd* and Ruskin;** progressive deafness, observed by 
Byrd;* sense of fulness of the ear, observed by Ruskin; ** sense of 


fulness of the ear of allergic origin, observed by Byrd;* pain in the 


external auditory canal associated with gus infection, observed by 
Byrd; * ear cough, observed by Byrd,* and herpes zoster oticus, observed 
by Ruskin.*® Dysfunctions about the nose and throat that have been 
arrested include: the pain of maxillary, frontal and ethmoid sinusitis, 
observed by Sluder * and Byrd;* rhinorrhea, observed by Sluder 
Byrd; * acne rosacea, observed 

the upper jaw, observed by Slud 

by Sluder * and Rus! 
by Byrd;* unilateral 
observed by Ruskin; 
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Respiratory dysfunctions arrested by anesthetizing the sphenopalatine 
ganglions include: hay-fever, observed by Sluder,* Payne,?* Gundrum ”° 
and Byrd ; *° sneezing, observed by Byrd ; * dyspnea, observed by Byrd ; * 
hiccup, observed by Hansel,*' Rehfeldt,** Costen ** and Byrd; * cough, 
observed by Byrd,* and asthma, observed by Sluder,’ Gundrum ** and 
Byrd.*° Passing to diseases of the lower trunk, we may note: chronic 
inguinal distress following herniotomy, observed by Byrd; ** diarrhea, 
observed by Sluder ; * renal colic, observed by Chester ; *° gallstone colic, 
observed by Chester ; ** frequent micturition, observed by Sluder ; * pain 
of cystitis, observed by Sibley; ** ovaritis, observed by Byrd‘ and 
Warren; ** dysmenorrhea, observed by Byrd,‘ Warren ** and Gun- 
drum,*? and the vomiting of pregnancy, observed by Warren.** Another 
group of dysfunctions arrested includes: chronic sore spots at the lower 
border of the ribs, the coccyx, the cervical lymphatics, the breast and 
the larynx, observed by Byrd,** and the pain of cancer of the uterus, 
breast and larynx and just below the left clavicle, observed by Byrd.** 
Rheumatoid dysfunctions arrested by anesthetizing the sphenopalatine 
ganglion include: sciatica, observed by Byrd *® and Ruskin; neuritis, 
observed by Byrd;* pleurisy, observed by Byrd;* lumbago, observed 
by Sluder,? Byrd * and Saunders; ** the pain of arthritis, observed by 
Byrd; * the pain of gout, observed by Byrd;*.the pain of bunions, 

28. Payne, R. J.: Treatment of Nasal Ganglion in Hay Fever, J. Missouri 
M. A. 21:257 (Aug.) 1924. 

29. Gundrum, L. K.: Nasal Ganglion Neuroses, California & West. Med. 
24:204 (Feb.) 1926. 

30. Byrd, H.: Hay Fever, Its Control Through Efferent Interception, Ann. 
Int. Med. 3:850 (Feb.) 1930; Hay Fever, Its Surgical Conquest, Laryngoscope, 
to be published. 

31. Hansel, F. K., quoted by Sluder (footnote 3, p. 

32. Rehfeldt, C. S.: Control of Intractable Singultus (Hiccough) Through 
the Nasal Ganglion, Laryngoscope 35:354 (May) 1925. 

33. Costen, J. B.: Persistent Hiccough: Control by Cocainization of the 
Nasal Ganglion, Ann. Otol. Rhin. & Laryng. 37:860 (Sept.) 1928. 

34. Gundrum, L. K.: Asthma and Eczema Controlled Through the Nasal 
Ganglion, Ann. Clin. Med. 4:573 (Jan.) 1926. 

35. Byrd, Hiram; and Byrd, Wallace: The Clinic as a Field for Biologic 
Research, Clin. Med. & Surg. 37:95 (Feb.) 1930. Byrd, H.: The Sphenopala- 
tine Test, J. Michigan M. Soc. 29:294 (April) 1930. 

36. Byrd (footnote 35, second reference). 

37. Sibley, C. P.: Personal communication to the authors. 

38. Byrd, H.: Pathological Currents and Cancer, J. Cancer Research 3:13 


273) 


(Oct.-Dec.) 1926; footnote 4. 
39. Byrd (footnotes 4 and 35). 


40. Byrd, H.: Blocking Off Remote Pain at the Nasal Ganglia, M. J. & Rec. 


120:126 (suppl.) (Oct. 15) 1924; footnote 36. 
41. Saunders, D. U.: Personal communication to the authors. 
42 By rd (footnote 4; footnote 40, first reference). 
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observed by Byrd,* and, perhaps of a similar nature, pain associated 
with flatfoot, observed by Byrd.*| The motor dysfunctions arrested 
include: writer’s cramp, observed by Sluder;* professional cramp, 
observed by Sluder;* motor weakness of the forearm, observed by 
Sluder,* and chorea of the arm and the leg, observed by Byrd.** Other 
dysfunctions arrested by anesthetizing the sphenopalatine ganglion are: 
the pain and soreness of a surgical and infected hand, observed by 
Byrd ;°® pruritus vulvae, observed by Byrd,* and eczema, observed by 
Gundrum.** In addition, a great variety of less sharply defined dys- 
functions have been arrested. These include neuralgic and rheumatoid 
pains throughout the head, neck, trunk and extremities, observed 
Sluder,® Byrd ** and others. A conception of the wide rat 


1" 


functions arrested by anesthetizing the sphenopalatine gang 


Fig. 1—The upper figure is an aluminum applicator with a 


and a softened tip. The center figure shows a pledget of cotton 


shows the ple 


properly flattened and curved for introduction 


in Dock’s masterly paper read before the American Medical Association 
in July, 1929.* 

It may be noted that the dysfunctions arrested involve the following 
categories: sensory, motor, secretory, respiratory and circulatory. In 
the light of this one would expect the endocrine dysfunctions to be 
similarly arrested. The following case, seen with Dr. H. J. Jensen, of 
Tampa, Fla., is offered for whatever significance the reader wishes to 
attach to it. 


Mrs. T., when first seen, was’ suffering from pain in’ the head and 
a general tremor. The pulse rate was 180 per minute. She 
having had disagreeable symptoms for four years, with perios 

43. Byrd, H.: Chorea, Arch. Otolaryng. 7:257 (March) 

44. Dock, George: Sluder’s Nasal Ganglion Syndrome and 
Internal Medicine, J. A. M. A. 93:750 (Sept. 7) 1929. 
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hunger, sometimes associated with periods of blurred vision, which she called 
“blind spells.” She had been much worse for the past three weeks, and had been 
without sleep for the past forty-eight hours. At this time she had severe pain 
about the left cheek and eye, and both swelling and tenderness in the thyroid 
region. The left sphenopalatine ganglion was anesthetized. Within five minutes 
the patient was free from pain, relaxed and sleepy. When seen after four hours 
of sleep, she was still comfortable. The swelling and tenderness of the thyroid 
area had somewhat abated. She slept soundly that night, and when seen the 
next morning was only moderately hungry, free from pain and feeling generally 
well. She was kept in bed on a light diet for ten days without treatment. During 
1e cervical swelling and tenderness gradually reappeared, together 


this interval, tl 
with the former symptoms—pain, tremor, hunger and tachycardia. With the 
patient under general anesthesia, 95 per cent alcohol was injected into the left 
sphenopalatine ganglion. On the following day, the patient resumed her normal 
activities, free from all symptoms. At the end of nine months there had been 


no recurrence. 


Before entering into a discussion of these phenomena, it seems 
pertinent to indicate what is meant by a dysfunction being relieved. 
We do not consider a dysfunction relieved unless the relief is complete 
and occurs within five minutes from the placement of the anesthetic. 
Cases in which the patient experiences merely improvement, even though 
quite distinct, are considered negative, because in our experience such 
cases tend to show less and less reaction to subsequent treatments. 

In this connection it should be noted that the relief is generically 
different from that obtained by the administration of drugs. This 
difference appears in the rapidity with which relief is obtained, in its 
completeness and particularly in the fact that it is not accompanied by 
any unnatural sensations, nor followed by any physiologic after-effects 
that we can detect, but leaves the patient feeling as if the dysfunction 
had never existed. 

For mechanical reasons, however, certain types of patients, although 
relieved from active symptoms, continue to present a residuum of dys- 
function until physiologic repairs can be effected. For instance, when 
postoperative pain is relieved by anesthetization of the sphenopalatine 
ganglion, the wound is still sensitive to pressure. In arthritis, when 
hyperplasia has occurred some remaining soreness in the joint is to be 
expected; in asthma, though the dyspnea is immediately relieved, the 
excess secretions in the lungs cause a residuum of irritation that may 


last for several hours. 


The presence of a residuum of sensitiveness raises a most significant 
question: Is this relief brought about by cutting the sensory path from 
the affected locus to the brain, i. e., by intercepting the message of pain, 
or must it be ascribed to some other cause? Consideration of this ques- 
tion, however, will be deferred until the end of the article. 








REGIONS 


On the basis of sphenopalatine phenomena, tl anatom 
are observed: two lateral halves above the neck and the rest of the 
\bove the neck dysfunctions are arrestible with somewhat greater fre 
quency than below, and always from the same side. In general, it may 
be said that dysfunctions below the neck are arrestible from the ganglion 
ot the same side, the Opposite side or neither Certain specific dvstun 


tions, however, appear to be more frequently arrested from one sic 


than from the other. Sciatica and the rheumatoid dysfunctions, for 
example, tend to be arrestible, if at all, by anesthetization of 


pl 


sphenopalatine ganglion, while asthma is seldom if ever arrested exce 


from the right. Angina pectoris, as far as we know, has been arrested 
only from the left. 
DURATION 

In a case of chorea ** it was found that anesthetization of the spheno 
palatine ganglion uniformly kept the malady in abeyance for a period 
of four hours. From this and similar experiences it is inferred that 
four hours is the life of the anesthetic when used in this connection 

The four hour interval has given us an important dividing line 
Patients in whom the relief lasts four hours or more tend to recove1 
under repeated anesthetization, while those in whom the relief lasts less 
than four hours tend to become less and less amenable to this type of 
treatment. 

DIVERSITY 0 

From what has been said it is appare 
any dysfunction, near or remote, the 
anesthetized with some hope of reliet. n some cases it succeeds, 
in others it fails; however, it should be noted that in a few cases 
more than fails, actually augmenting or even initiating a dysfunctior 

Sluder * was the first to observe the augmentation of a 


by anesthetization of the sphenopalatine ganglion, as shown 


temporal headache. Our experience has confi 1 this observation 


a number of cases, but has not extended it to other dysfunctions 


Sluder cited Pollock *° as having initiated sciatica bv injection of 


sphenopalatine ganglions. Our experience does not in 


tion of any rheumatoid dvstunctions, either by Injection 


tization. \WVe have observed fainting, nausea, palpitation, 

an urticaria-like eruption as rare manifestatior that could not 
explained as drug hypersensitiveness, sit they were not precipitated 
by similar application on the opposite si -- George Docl 


observed an uncontrollable impulse to 
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grinding brought on temporarily by anesthetization of the sphenopala- 
tine ganglion. It is reassuring, however, to note that the percentage 
of cases in which dysfunctions are augmented or initiated 1s small. In 
a series of more than 10,000 anesthetizations * less than 20 such instances 
have been observed. 
PROPORTIONS 

From the considerable list of dysfunctions arrested by anesthetizing 
the sphenopalatine ganglion it is not to be inferred that the symptoms 
are thus arrestible in every case, but merely that an arrestible one occurs 
here and there. Of two indistinguishable cases of sciatica, for example, 
it will be found that one can be arrested by anesthetizing the spheno- 
palatine ganglion, while the other cannot. The same is true of angina 
pectoris, chorea, asthma, and so on, throughout the whole category, 


Fig. 2.—Side view of the lateral wall of the nasal chamber, with applicator in 


place ° 


In painful afflictions of the eye a considerable majority of cases 
may be expected to be relieved, and in dysfunctions about the maxillary 
sinus, the frontal sinus and the tonsillar fossae perhaps a majority may 
be relieved. In dysfunctions of the ear, such as otitis media, earache 
and progressive deafness, the proportion is somewhat less, while for the 
most part, dysfunctions below the neck show a still smaller proportion 
ot positive reactions. A notable exception is lumbago, which appears 
to be relieved in an ample majority of cases. Dr. Saunders,*' at Eloise 
Infirmary where anesthetization of the sphenopalatine ganglion for 
lumbago is now a routine procedure, is of the opinion that relief may 
he expected in fully three fourths of the cases. In sciatica, however, 
our experience indicates that the proportion is about 1:4 or 1:5. In 
hypertension the percentage seems to be a little higher and in asthma 


a little lower. 
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In some instances a dvstfut 
repeated anesthetizations, each 
more. For these, the injection 
indicated hus the patient with 
always relieved for four hours by 
palatine ganglion, and was 
tion of alcohol. 

It should also. be noted 
more is obtained for a time, 
change occurs, whe reupon the ganglu 1 ; 
and no relief can be obtained by its anesthetizatior 
is especially frequent in cases of asthma. For « xample, 11 
Mrs. G., who had had asthma for the past vear, the right 
ganglion was ane 1 during 
complete within five minutes 
attacks during the ensuing two weeks 
lasting uniformly for four 
whether it was not time 
tion Was soon answered 
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forth any therapeutic 

was futile. 
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more than forty vears w 
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months effected relief whicl 
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vlion; after three such anesthetizations, he has been free from the 
malady for four months. On the other hand, in the next case that 
appeared, outwardly indistinguishable from the first, the patient did 


not obtain the slightest relief. 


FUTILITY OF FREQUENT REINJECTION 

References in the literature to reinjection of the sphenopalatine 
ganglions with aleohol at brief intervals call for some comment. It 
seems to be a generally accepted fact that the injection of alcohol into 
a nerve defunctionizes it for a number of months, roughly a year. We 
have no reason for supposing that the sphenopalatine ganglion is any 
exception to this general rule. Hence, to make reinjections before the 
effect of the previous injection is gone would be like reanesthetizing 
while anesthetization is still in effect. Our experience seems to confirm 
this. 

THE SPHENOPALATINE TEST 

Since the effect of anesthetization and injection may be considered 
the same except in duration, anesthetization affords a ready test to 
determine whether the injection of alcohol is indicated. Injections 
should never be made into the ganglion except on the basis of the 
sphenopalatine test ; °° that is, injection should be made only when it has 
been shown on a number of occasions that anesthetization relieves the 
dysfunction immediately (from two to five minutes), completely and 
for a period of four hours or more. 

The sphenopalatine test is applicable in the determination of the 
advisability, not only of injections, but of proposed reinjections. A 
positive sphenopalatine test within a few days or weeks after an injec- 
tion has been made into the ganglion shows that the injection missed 
its mark, while a positive test ten months or a vear after an injection 
shows that the effect of the injection has passed away. In either case 
reinjection is permissible. 

One should never be in haste to make injections, but should apply 
the sphenopalatine test from six to a dozen times beforehand. In most 
cases, after a series of anesthetizations it will be found that the dysfune- 
tion has either been relieved indefinitely or has ceased to be amenable 


to this type of procedure. Few injections are really indicated. 


THE PATIL OF PAIN NOT OBSTRUCTED 
It is demonstrable that when pain is relieved by anesthetization of 
the sphenopalatine ganglion the locus of distress is not anesthetized. 
The cornea that is relieved from the pain of a corneal ulcer is still just 


as sensitive to a wisp of cotton as the cornea of the opposite eye. The 


pain associated with an inflamed and bulging ear-drum may be relieved, 








but paracentesis immediately afterward 1 me the | paintul 
pain of sciatica, arthritis, gout, bunions or even of an acute int 


may be relieved, but sensitiveness in the gion of distress is not 
ibly blunted. 

Hoople *° mentioned having anesthetized the sphenopalatine ganglion 
in the presence of a peritonsillar abscess, thus producing anesthesia « 
tonsillar area so that the abscess could be opened \lthough we « 
tain the greatest respect for this observer, our own observations 


us to doubt whether a critical examination would reveal anv anes 


in the tonsillar region incident to anesthetizing the sphenopalatin 


glion. This doubt is based on several considerations 


1. We have many times anesthetized the ganglion in the presencé 


t 
( 


ot a normal tonsil and have endeavored without success to demonstra 


even a slight trace of anesthesia in the tonsillar area 


2. We have repeatedly opened peritonsillar abscesses with relatively 


little pain after anesthetization of the sphenopalatine ganglion, whereas 


before anesthetization such a procedure would have 


been impossil 
Yet in such cases we have been unable to demonstrate 
the affected tonsil as compared with the tonsil of the 
What did happen was that the pain and soreness incident to 4 
were relieved by anesthetization of the sphenopalatine gangli 
same side, the area being thus converted from one of 
one of relative comfort. Under these circumstances 
peritonsillar abscess is opened apparently is 


? 


3. If it were true that anesthetizing 


gave relief through producing anest ia of the affected 
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regions in which dysfunctions may be potentially relieved would pass 
into a state of anesthesia whenever the ganglion was anesthetized ; since 
these regions include all the major ones of the body, such anesthesia 
would be widespread. Moreover, if this were true, the injection of 
alcohol into the ganglion would make this widespread anesthesia persist 
for a number of months. Such effects are not 1n accordance with clin- 
ical experience. 

Whatever may be the mechanism by which pain is relieved when the 
sphenopalatine ganglion is anesthetized, it is not anesthesia of the 


erstwhile locus of distress, 1. e., not obstruction of the SCnSOTY path. 


CONCLUSION 

Dysfunctions numbering more than threescore have been relieved 
by anesthetization of the sphenopalatine ganglions, including afflictions 
as intractable as progressive deafness, as paintul as migraine and iritis 
and as grave as glaucoma and angina pectoris. .\ therapeutic measure 
which results in the mastery of a serious disease, such as diphtheria or 
diabetes, is hailed as a victory. Anesthetization of the sphenopalatine 
ganglion does not give relief in all cases of any one malady, but may 
he confidently expected to do so in at least one fifth of all cases of the 
several serious afflictions mentioned, which is equal to relief in all cases 
of one of them. Besides this, anesthetization of the sphenopalatine 
ganglion gives relief in a certain percentage of cases of more than 
threescore other dysfunctions, ranging from sciatica and pruritus to 
chorea and hypertension 

Furthermore, while anesthetization of the sphenopalatine ganglion 
has not in itself accomplished the conquest of any one disease, it has 
led directly to the therapeutic mastery of hay-fever, vasomotor rhinitis 
and polypoid degeneration, 

\ procedure which gives relief in even a moderate proportion of 
cases of more than threescore dysfunctions and in a majority of cases 
of certain others must have a sum total of therapeutic usefulness of the 
first magnitude, especially as it displaces no existing device in our arma- 
mentarium, 

We believe that anesthetization of the sphenopalatine ganglion should 
he a routine procedure in every one of the dysfunctions enumerated, not 
only as a preliminary test, but as a therapeutic measure in cases that 
show a positive reaction. The sum total of its usefulness is such that 
it should command the attention of every one who engages in the prac- 


tice of medicine. 
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regions in which dysfunctions may be potentially relieved would pass 
into a state of anesthesia whenever the ganglion was anesthetized ; since 
these regions include all the major ones of the body, such anesthesia 
would. be widespread. Moreover, if this were tree. the injection ot 
alcohol into the ganglion would make this widespread anesthesia persist 
for a number of months. Such effects are not in accordance with clin- 
ical experience. 

Whatever may be the mechanism by which pain is relieved when the 


sphenopalatine ganglion is anesthetized, it is not anesthesia of the 


erstwhile locus of distress, 1. e., not obstruction of the sensory path. 


CONCLUSION 
Dysfunctions numbering more than threescore have been relieved 
by anesthetization of the sphenopalatine ganglions, including afflictions 
as intractable as progressive deafness, as painful as migraine and iritis 
and as grave as glaucoma and angina pectoris. .\ therapeutic measure 


which results in the mastery of a serious disease, such as diphtheria or 


diabetes, is hailed as a victory \nesthetization of the sphenopalatine 


ganglion does not give relief in all cases of any one malady, but may 


he eoanfidentl ave thinak 2 1 a1 1 1” - 4 


ot Cera OUers Must Nave a sum total ot therapeutic usefulness of the 
first magnitude, especially as it displaces no existing device 1n our arma- 
mentarium. 

We believe that anesthetization of the sphenopalatine ganglion should 
be a routine procedure in every one of the dysfunctions enumerated, not 
only as a preliminary test, but as a therapeutic measure in cases that 
show a positive reaction. The sum total of its usefulness is such that 
it should command the attention of every one who engages in the prac- 


tice of medicine. 
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found the use of whole immune horse serum unsatisfactory because of 
the frequent severe “serum sickness” which results from its adminis- 
tration in doses sufficient to produce results. That the course of the 


disease has been favorably influenced in many of the very sick patients, 
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lig. 2—Data concerning the condition of the patient represented by case 9 
(tabulation), during her first two weeks in the hospital. The 


fever subsided when 
treatment was begun. 


has been shown in a sufficiently large number of cases to make it urgent 


that the factor which causes the distressing “serum sickness” be reduced, 


or, if possible, entirely removed. 
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centrated material is diluted with water and brought to a hydrogen ion 
concentration of 7.8. The refined serum used for injection into patients 
is made to contain about 2 mg. of nitrogen in each cubic centimeter. 
The strikingly successful results that this material has yielded and 
the absence of the former distressing systemic serum-effect have led us 
to extend its use from the severe cases of acute illness to the more 
chronic and more resistant cases. In the strictest sense there is no such 


condition as “acute” ulcerative colitis of this bacterial type. The dis- 


> 


te 





Fig. 3.—Roentgenogram after the administration of a barium enema, obtained 
in case 9 (tabulation). Extensive deformity and irregular mucosal edges cor- 


responding to the deeper ulcerations are evident. 


tinction is merely a matter of degree of chronicity. This fact must be 
kept in mind in the treatment in these cases. 

The antibody euglobulin solution has now been administered in 
approximately 200 cases of chronic ulcerative colitis. It is given deeply 
in the muscles. We feel that the earlier cases have been under observa- 


tion sufficiently long to justify an expression of opinion as to the value 








of this form of treatment, and with this idea in mind 
the first 50 consecutive cases in hich tl mecentrate 
body solution was employed. 

The accompanying table 
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impossible to evaluate the effect which these conditions had on the prog- 
ress of the disease or its treatment without the privilege of personal 
observation of the patients, but suffice it to say that in some instances 
they had a profoundly unfavorable etfect on the result of the treatment. 
These are not selected cases, but rather fifty consecutive cases in which 
the antibody solution was given. However, only four of the twenty- 
four patients who became free from symptoms had complications, and 
these complications were of the less severe type. The suggestion is ven- 
tured that patients with uncomplicated cases of chronic ulcerative colitis 
are best treated by attempts to immunize against the causative organism. 
Results with this form of treatment far surpass other methods, including 
operation and irrigation of the colon with medicated solutions. 

\ll the patients are living more than a year after treatment with 
the antibody solution except the one who died following operation for 
a ruptured appendix several months after becoming free from symp- 
toms of chronic ulcerative colitis. 

Twenty-four patients became free from symptoms ; thirteen became 
from 75 per cent to 90 per cent well, and six were improved at least 
50 per cent. In only seven cases was there little if any change following 
the treatment. These seven cases were either severe, long-standing cases 
with extensive involvement of the colon and destruction, or there were 
serious complications, such as multiple polyps or strictures. 

Certain factors seemed to have a bearing on recurrence of symptoms 
after patients had become clinically well. One of the significant fea- 
tures seemed to be the failure to remove possible foci of infection. 
\cute infections of the upper part of the respiratory tract are poorly 
borne by patients who once have had chronic ulcerative colitis. The 
extent of involvement, the length of time a patient had had the disease, 
the age of the patient and his resistance to infection were factors 
bearing on possible recurrence. Cases of the so-called hemorrhagic 
tvpe, in which severe hemorrhages occur, respond poorly and are prone 
to progress poorly. The functional end-result must not be lost sight of. 
Whereas in some of the cases classified only as “improved” undoubtedly 
the progress of the infection has been checked, vet strictures and dif- 
fuse narrowing of the colon, interfering materially with its powers of 
proper absorption and elimination, cause difficulty, although the patient’s 
general condition may be excellent. Finally, it is still unfair to speak 
of “curing” chronic ulcerative colitis ; “controlling” is the correct expres- 
sion. As in many other devastating infections, patients are always 
obliged to do certain things for their future welfare. Therefore, it 
seems important that patients who have once overcome an attack of 


chronic ulcerative colitis should receive the vaccine periodically. Just 
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how often those periods of treatment should occur is still problematic, 
but progress in this direction is being made. Recently, with aging ot 
the serum, and improvement in methods of precipitation, we have had 
more rapid response than in the cases reported in this paper. Enough 


time has not elapsed for the permanent value of the method to be known 


SUM MARS 


The Fasting antibody solution obtained by precipitation in ether 
water of the specific immune serum of chronic ulcerative colitis adds 
a new and valuable reagent to the armamentarium used in the treatment 
for bacterial chronic ulcerative colitis 

It is particularly efficacious in the treatment of the more severe, 


subacute cases in which ileostomy was formerly the treatment of choice 


This, in conjunction with the specific vaccine and other symptomatic 


agents, has greatly reduced the need of ileostomy 


Operation, and primarily ileostomy, has become limited to complica 


tions, with very few exceptions. 














THE INFLUENCE OF AURICULAR CONTRACTION ON 
THE FIRST HEART SOUND AND THE 
RADIAL PULSE * 


CHARLES C. WOLFERTH, M.D. 
AND 
ALEXANDER MARGOLIES, M.D 


PHILADELPHIA 


The present-day clinical evaluation of heart sounds is unsatisfactory. 
The physical factors concerned in the production of the normal sounds, 
particularly the first sound, are imperfectly understood. Furthermore, 
little is known of the mechanisms by which modifications of these sounds 
are acct mplished. It seemed possible, therefore, that studies of patients 
showing variations of the first heart sound in successive beats might 
be of interest. This report deals principally with certain of the effects 
of auricular contraction on the first sound. In this connection it became 
necessary to consider also the effect of auricular contraction on the 
amplitude of the pulse wave because of a possible relation between the 
intensity of the first heart sound and the ventricular output per beat. 
Wiggers! was able to furnish evidence to the effect that when the 
systolic discharge is increased the first sound is reduced in intensity. 


INFLUENCE OF AURICULAR SYSTOLE ON THE FIRST HEART SOUND 


It is well known that the intensity of the first heart sound as 
judged by auscultation may show phasic variation corresponding to the 
respiratory cycle or may be modified by disturbances in ventricular 
rhythm such as occur in auricular fibrillation and extrasystolic arrhyth- 
mia. In addition to these, however, there are striking variations associ- 
ated with changes in the time relations of auricular and ventricular 
s\ stoles. 

These variations have received little attention. Griffith * described 
them in 1911 in two cases of heart block, being particularly impressed by 
the thumping, emphatic character of some of the beats, the quality of 
which he compared with that heard in mitral stenosis. In one case he 
was able to mark the position of the loud beats on a polygram, and 
he noted that they occurred when the auricles and ventricles contracted 

‘ Submitted for publication, April 22, 1930. 

* From the Edward Burton Robinette Foundation, Medical Clinic, Hospital 


of the University of Pennsylvania. 
1. Wiggers, C. J.: Factors Determining Relative Intensity of Heart Sounds 
in Different Auscultation Areas, Arch. Int. Med. 24:471 (Nov.) 1919. 
2. Griffith, T. W.: Remarks on Two Cases of Heart Block, Heart 3:143 
(Feb.) 1912. 











at about the same time. He offered the suggestion that for the 
tion of the loud sounds it may be necessary for the auricle to be 
systole at the time the ventricle enters into contraction 


} ] hel } } 


Lewis ® stated that when auricular contraction shght 
ventricular, intensification of the first heart sound occurs, but when the 
relation is reversed reduplication may result. He has published a heart 
sound record clearly illustrating these points. [Lewis pointed out that 
such variation of the sounds is striking and may be heard in almost at 
case of dissociation. He regards the variation as a most valuable bedside 
test of complete heart block when instrumental aids are not availabl 

\ few other observers have noted variations in the intensity of the 
first sound during heart block. Carter and Howland,‘ in a report on 
child, aged 5 vears, with congenital heart block, noted that the first 
heart sound was usually faint but from time to time a single beat was 
very loud. The marked accentuation of the sound was interpreted as 
due to synchronous systole of the auricles and ventricles. Harris 
recently reported a case in which complete heart block had existed for at 
least twenty-eight vears. In this patient inequalities of the first heart 
sound had been noted on the first record and were still present twent 
eight vears later. Read recently reported two cases of complete heart 
block in which inequalities of the first sound were noted 

We have confirmed Lewis’ statement that inequalities of the first 
heart sound in -V dissociation are frequently present, and that or 
auscultation of the heart, are striking enough to be of distinct value 1 
the diagnosis of dissociated auriculoventricular beating. We have also 


found that the variations may be as striking in ventricular escape as 





in heart block. It 1s noteworthy that marked changes in the first sound 


tend to occur within the normal range of As-Vs time intervals, so that 
even in normally beating hearts the first sound may be modified accord 
ing to the length of the interval 


yparatus used for the recording ot heart 


Vethod —The al 
Western Electric electromagnet contact transmiutter a three tage transtormer 
coupled amplifier with an appropriate frequency-response characteri 
tromagnetic diaphragm watch case type output receiver? and the Wigger 
fication of the Frank segment capsule his apparatus, which is ver nsit 
3. Lewis, 7 Lectures on the Heart, New York, Paul B. Hoeber 
1915. p. 06 


4. Carter, E. P., and Howland, J Occurrence of Ce 


ular Dissociation: Report of Case of ¢ genital Heart Block, Bull. Johns Hoy 
kins Hosp. 31:351 (Oct.) 1920 

3. pease, Fe] Notes on a Case of Complete Heart BI 
Long Duration, Heart 14:289 (March) 1929 

6. Read, J. M Complete Heart Block: Roentgen Kymographic Stud \r 
Int. Med. 45:59 (Jan.) 1930 

7. Dodge, H. F.: The Stethophone, Electrical Communication, October, 1924 


no. 2, vol. 3; Reprint B-105-1, Bell Telephone Laboratorie 
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was constructed for the purpose of studying the time relationships of heart sounds 
and murmurs. It causes slight distortion as well as magnification of the sounds, 
as judged by comparison of auscultatory observations directly over the heart and 
at the output receiver, but we were able to demonstrate, by signalling on tracings, 
that relative intensities of beats as judged by the stethoscope correspond to varia- 
tions of the amplitude of the waves recorded (fig. 4). The Wiggers recorder 
was controlled by phonocardiograms and found to be accurate when care was 
taken to use sufficiently light reflecting mirrors. Tuning fork vibrations were 
faithfully recorded up to and including 512 vibrations per second. 

Electrocardiograms and sound tracings were recorded on the same strip, 
parallax being avoided. 

Case 1—G. L., a white man, aged 49, had been under our observation for 
one and one-half years. During his first admission to the hospital he had inter- 
mittent heart block,S but subsequently the block remained complete. There was 
a history of acute arthritis (possibly rheumatic fever) at the age of 24 and again 
at 41. No other etiologic factor for the block was discoverable except possibly 











Figure 1—Leit 


Fig. 1 (case 1)—Complete heart block. Change of intensity of the first heart 
sound as the P-R interval shortens. The number of plus marks in this and sub- 
sequent tracings indicates the arbitrary classification of sounds according to 


intensity. The first auricular beat during each ventricular diastole is followed 
by a murmur (a). The sounds are imperfectly recorded because of the presence 
some infected roots of teeth which had been extracted before admission. The 


heart was found by orthodiagram to show moderate generalized enlargement. 
There was a systolic apical murmur. During the presence of complete heart 
block, two striking auscultatory observations presented themselves. There was 
decided variation in the intensity of the first heart sound independent of respira- 
tory excursions, and in addition short murmurs were heard having a rate of from 
80 to 90 per minute, which could be timed with a venous wave in the neck. The 
murmurs were readily shown by tracings to be related to auricular activity 
(fig. 11). 


In figure 1 are shown samples of tracings, indicating the variations 


in amplitude of the sound vibrations recorded. These changes in ampli- 


8. Sudden transitions occurred from normal mechanism to incomplete or com- 
plete block. All sequential beats, even during incomplete block, had normal P-R 
intervals. 
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tude are not to be regarded as quantitative, they may be accepted 


as a rough index of the relative intensity sounds as judged b 


auscultation with a stethoscope 
In the accompanying table we have compared the time relationships 


of the auricular and ventricular beats to the intensity of the first heart 


sound as indicated by the amplitude of re 


corded vibrations. The table 


indicates that first sounds of greatest intensity are recorded when 


precede ventricular, especially within the 
P-R range trom 0.04 to 0.13 second 


auricular systoles slightly 


With minor discrepancies, sounds 


of medium intensity occur on either side of this zone, the limits be 


a P-R interval of 0.20 second and a interval of 0.03 second 


ventricular systoles failing to have systole within this 


produce faint first sounds 
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in figure 2. The 
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were not attributable to respiration. There was a variable systolic murmur, and 
in addition faint sounds were heard corresponding to auricular beats. Eventually, 
a very slow idioventricular rate developed, and the patient died At necropsy, 


the heart was found within normal limits of size, although there were patchy 
irteriosclerosis and fibrosis of the myocardium, including particularly the junc 
tional tissues. There was no valvular disease. 

In this patient the heart sounds were recorded according to the technic devel 


oped by Wiggers, except that a Bowles stethoscope was used as transmitter. No 
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Fig. 2—The data charted in each instance, except under case 5, were obtained 








from a representative continuous strip of tracing. The values plotted for the 
radial pulse waves were obtained by measurements of the height of excursion 
from the beginning of the upstroke to the peak of the wave. The first heart 
sounds were arbitrarily divided into three groups according to the relative inten 
sity, as judged from the amplitude of the sound waves. For purposes of chart 
ing, a single black square indicates a relatively weak first sound, a vertical column 
of 3 squares a relatively loud sound, and a column of 2 squares an intermediate 
sound. Hatching of the column indicates the extent of variability recorded for 


the P-R interval charted. 


P-R intervals the intensity shifted rapidly from loud to faint as the P-R_= time 
lengthened. This patient also showed a moderate increase in the sounds when 
the ventricular beat preceded the auricular by a very short interval. The rela- 


tionships of varying intensity of sounds to auriculoventricular time intervals are 


thus similar to those recorded in case 1 (fig. 3 and table). 
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il maximum intensity (table and fig. 2) The variations of intensity 
vere therefore similar to those of cases 1, 2 and 3 in the short range of P-R 
ervals, but differed as the P-R intervals increased beyond 0.34 second 

Case 5.—P. N., an unusually well developed boy, aged 14 years, was seen 
by Dr. T. Grier Miller during the course of an attack of acute tonsillitis 
despite a temperature of from 102 to 103 F. and by the fact that marked differ 


ences of intensity in the first heart sound were present, although the rhythm was 


12 


Dr. Miller reported to us that he was impressed by finding a pulse rate of 60 


quite regular. On the basis of these observations we ventured the opinion that 
the boy had complete heart block. Three days later he was brought to the hos 
pital \t that time the rhythm was irregular, and an electrocardiogram showed 
incomplete block (fig. 6, top strip). The assumption of a complete block having 
been present a few days before is therefore not without reason. 


Phe sound tracings showed decided inequalities of the first sound. In the top 
trip these might be attributed to the ventricular irregularity but strips 2 and 3, 
which were registered on subsequent days but from the same point on the chest, 
and which show comparable intensities of the second sound, indicate rather clearly 


that the sounds are related to the duration of the P-R intervals In this con- 


P-R OD: 


444 SM + 





Figure 4—Lett 


lig. 4 (case 3).—High grade, almost complete heart block. Variations in 


first heart sounds corresponding to changes in P-R intervals. The loudest beats, 


nection it is of interest that although observations of P-R intervals over a wide 
range were not available, the intensity of the first sound increased as the P-R 
intervals lengthened trom 0.24 to 0.37 second, thus resembling the changes recorded 
in case 4 but differing from those in cases 1, 2 and 3 (fig. 2). 

Case 6—C. M., a married woman, aged 32, had been under observation in 
the cardiovascular section for fourteen months. She complained of faintness on 
exertion, doubtless due to the fact that exercise produced attacks of paroxysmal 
ventricular tachycardia. At other times, tracings showed a minor defect in A-V 
conduction, and ventricular escape was frequently present. When the auricular 
ventricular relationships remained constant (sequential beats with P-R_ intervals 
of 0.28 second) the sounds were faint, and no marked variations in the intensity 
of the first sound were discoverable (fig. 7). During ventricular escape, however, 
marked variations were present which were readily detected by stethoscope and 
also by examination of the sound records. 


The sounds tended to have the greatest intensity when the P-R measurements 
ranged from 0.04 to 0.13 second (table and fig. 2). When the P-R intervals 


were from 0.14 to 0.17 second, the sounds were of moderate intensity, and from 
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waves might be found to correspond with the variations in the intensity 
of the first sound. Read" recently found ditferences in the shape of the 
waves of left ventricular excursion (roentgenograms ) during complete 
heart block, which he attributed to variations in the number of auricular 
systoles during ventricular diastole. In addition, he surmised that 
inequalities of the first heart sound at successive systoles suggest a 
variability. of stroke volume. This point will be referred to later. 
\s far as we are aware, however, there is no actual evidence to be found 
in the literature suggesting a correlation between the intensity of the 
first heart sound and the amplitude of the pulse wave, except that 


re ported by W iggers. 
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t+ ++t + ial 
Fie. 5 (case 4).—Complete heart block. Variations in the first heart sounds 
and their relations to the length of the P-R = intervals 


The experiments of Gesell '* indicate the possibility that there might 
be a relationship between the duration of P-R intervals and the amphi 
tude of pulse waves. It has been found by several investigators that 
auricular systole is capable of increasing ventricular output over that 
maintained by venous pressure alone, but Gesell discovered in addition 
that auricular systole varied in effectiveness in increasing ventricular 


output, depending on the time relation of auricular systole to ventricular 


12. Gesell, R. A \uricular Systole and Its Relation to Ventricular Output, 
Am. J. Physiol. 29:32 (Nov.) 1911; Cardiodynamics in Heart Block as Affected 
by Auricular Systole, Auricular Fibrillation and Stimulation of the Vagus Nerve, 


ibid. 40:267 (April) 1916 
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In this connection it is of interest to note that Griffith * described 
pulsus alternans in a patient with high grade heart block and = slow 
ventricular rate. There was from 3 to 2 block with the auricular 
systoles so placed that every second ventricular beat quickly followed 
auricular contraction. This relationship was associated with the larger 
pulse waves. The alternate ventricular systoles were not immediately 
preceded by auricular beats, but the two occurred practically simul 
taneously Under these circumstances, smaller pulse waves might be 


due to the time relations of auricular and ventricular systoles 


VWethod—An ordinary pulse-recording tambour from the Jaquet polygraph 


T¢ 


was strapped about the wrist with the button placed over the radial artery. The 





(case 6).—Ventricular escape. Marked variations of intensity of the 


Fig. 7 
f the P-R interval. When 


first sound are present, depending on the duration « 
the rhythm is regular and the P-R intervals are prolonged (lower strip), the 


sounds are uniformly faint. 


rubber tube with the Wiggers modification of the 


tambour was connected by 
Frank segment capsule. Simultaneous electrocardiograms and pulse curves were 


| tracings sound records were included. In the tracing that 


made, and in some 


includes electrocardiograms, pulse waves and sound vibrations, the arrangement 
of mirrors was such that slight parallax was present. This has no bearing on 


our observations. 

In case 1 the pulse wave tracings showed marked differences in 
their duration (from. the beginning of the upstroke to the dicrotic 
notch) and shape (fig. 9). The waves of greatest amplitude tended to 
be the longest. The variations in the pulse waves were found to bear 
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this area to permit detailed analysis. The trend in the amplitude of the pulse 
waves continued downward as the P-R interval lengthened. It was of interest 
that higher pulse waves were recorded when the P-R interval was as long as 
0.6 second than when it was under 0.1 second. 

The curve of pulse amplitude in its relation to the duration of the P-R inter- 
val is in general similar to those obtained in case 1. The time relationships of 
the increase in amplitude of pulses are practically identical in the two cases, but 


the downward slope is more gradual in case 8. 


COMMENT 

lariations in Pulse Waves.—Aftter having recorded in case 1 definite 
variations in the amplitude of pulse waves, and observed the relation of 
these variations to the duration of P-R intervals, we anticipated that 
similar observations might be frequent in cases with dissociated beating 
of the auricles and ventricles. We observed them, however, in only 
one of four other cases. Furthermore, even in case 1, in which the 
opportunity was afforded for making many tracings, at least two curves 
showed no significant differences in the amplitude of the pulse waves. 
It is possible that had we been able to repeat the studies more often in 
the other patients, we might have recorded variations. 

The lack of consistency in the range of pulse wave variations from 
day to day, despite the insignificant changes in either auricular or 
ventricular rates, suggested that some factor that we failed to recognize 
was operative. Possibly, this factor may have been the height of venous 
pressure, by which, according to Henderson and Barringer,'’ it 1s 
determined whether or not auricular systole has any appreciable influ- 
ence on ventricular filling. 

The work of Gesell '” probably furnishes the best clue to the vari- 
ations in amplitude of pulse waves. He brought forward evidence for 
the view that increased ventricular output resulting from auricular 
systole is the result of such factors as increased initial tension of the 
ventricles, lengthening of the fibers and altered surface volume relation. 

Our studies could not be expected to yield any direct evidence bear- 
ing on this point; nevertheless, an accidental observation in case 1 
seems to deserve mention. It was stated in the protocol of case 1 
that short murmurs were heard corresponding to the auricular beats 
(fig. 11). The distinctness of these murmurs varied according to their 
position in ventricular diastole; those occurring early were easily heard 
and recorded while those occurring in the latter part were less distinct 
and frequently could not be recorded. The murmurs that were readily 
recorded began from 0.14 to 0.16 second after the beginning of the 
P-wave and persisted approximately from 0.10 to 0.16 second. We may 


13. Henderson, T., and Barringer, T. B., Jr.: The Relation of Venous Pres- 
sure to Cardiac Efficiency, Am. J. Physiol. 31:352 (March) 1913. 
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P-R intervals were recorded) there was remarkable similarity in the 
reduction of sound intensity toward the long side of the normal P-R 
range. The decline to faint sounds was in some cases completed within 
the normal P-R range, but in others was delayed until the P-R interval 
was as long as 0.24 second. 

In these five cases the sounds were of maximum intensity when 
the P-R intervals were very short. In cases 1, 2, 3 and 6, it was 
possible to study the time relationships of the increase in sounds. In 
all of these cases moderately increased intensity occurred even when 
ventricular electric systole preceded the auricular systole by a few 
hundredths of a second. When auricular systole slightly preceded 
ventricular, and in one case in which the two were simultaneous, maxi- 
mum sounds occurred. These relationships are shown in figure 2. 

With markedly prolonged P-R intervals two distinct types of sound 
variation were noted. In the two young patients (cases 4 and 5), 
when the P-R interval reached 0.34 and 0.32 second, respectively, the 
sounds began to become louder. Of the three older patients in whom 
observations could be made during this range, none showed the late 
increase of sound intensity. 

The differences in relationship of the changes of sound intensity to 
the duration of the P-R intervals in the patient with valvular disease 
(case 7, mitral stenosis and aortic regurgitation) were striking. 
Instead of loud first sounds in association with very short P-R intervals, 
as the other cases showed, they were relatively faint. As the P-R 
intervals lengthened toward the upper range of normal, the sounds 
increased. Thus the relationship seemed to be just the reverse of those 
recorded in the nonvalvular cases. 

Factors Concerned in Variations of the First Sound.—Griffith’s ? 
suggestion that for the production of the loud sounds it may be necessary 
for the auricle to be in systole at the time the ventricle enters into con- 
traction is shown by figure 2 to be inadequate. Nevertheless, he 
deserves full credit for making this observation with the methods of 
study available. We have thus far not observed the reduplication of the 
first sound mentioned by Lewis* when ventricular slightly precedes 
auricular contraction, although we have recorded it when the reverse 
relation is present. 

We have discussed our reasons for accepting the view that the 
differences in amplitude of pulse waves recorded are due largely to such 
dynamic factors as the degree of ventricular filling and initial tension. 
It is obvious from the time relationships of the changes of intensity of 
sounds that such factors must assume at most a minor role in 
causing the inequalities of sound. Consequently, Read’s® recent sug- 
gestion that the inequalities of sound are associated with varying 
ventricular outputs receives no support from our work. 
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It may be assumed as a provisional hypothesis that the inequalities 
of sound depend on the position of the mitral leaflets at the beginning of 
ventricular contraction. The data available do not warrant an attempt 
to elaborate this hypothesis, but there are certain facts in support of it 
deserving mention. 

Wiggers '§ stated that the sound intensity varies directly as the 
systolic tension developed within the ventricles, and there 1s good reason 
to believe that it is with the tension developed during the isometric 
period of S) stole. 

This statement at once suggests the possible importance of the posi 
tion of the mitral leaflets at the beginning of ventricular systole in 
modifying the first sound. If the leaflets happened to be widely open, 
at least slight regurgitation might occur, thus retarding the development 
of intraventricular tension.’® If, however, the leaflets happened to be 
near a position of closure at the beginning of ventricular systole, little 
or no regurgitation might be expected to take place, thus permitting a 
more rapid rise of intraventricular tension and consequently a louder 
first sound. 

It is a well known clinical fact that the presence of mitral insuffi- 
ciency tends to weaken the first sound and frequently obliterates it 
entirely. On the other hand, mitral stenosis with its relatively rigid 
mitral leaflets is usually accompanied by a sharp loud first sound. If, 
however, regurgitation is associated with stenosis the sharpness of the 
first sound tends to be lessened and with marked regurgitation may be 
completely obliterated. 

There is direct evidence to the effect that the position of the mitral 
leaflets is altered by auricular systole. Dean’s *° curves of movements 
of the leaflets appear to show that shortly after the beginning of 
auricular systole they tend toward a position of closure (up to 0.147 
second) but quickly open. These experiments were done on perfused 
cats’ hearts; consequently, one might venture the assumption that in 
human beings with larger hearts and consequently larger leaflets, the 
period in some cases might be prolonged a few hundredths of a second. 
If such an assumption is justified, the curves of decreasing intensit 

18. Wiggers, C. J.: The Circulation in Health and Disease, Philadelphia, 
Lea & Febiger, 1923, p. 324. 

19. One would expect very little regurgitation of blood, but there might be 
no inconsiderable regurgitation of pressure. The experiments of C. J. Wigger 
and H. S. Feil (The Cardiodynamics of Mitral Insufficiency, Heart 9:149 [April] 
1922) show surprisingly little alteration in the dynamics of ventricular contra 


ble, however, that 


tion in the presence of mitral regurgitation. It seems possi 





slight changes in the development of intraventricular tension ight have an 
important influence on the first heart sound. 
20. Dean, A. L., Jr.: Movements of the Mitral Cusps in the Cardiac Cycl 


Am. J. Physiol. 40:206 (April) 1916 























1068 ARCHIVES OF INTERNAL MEDICINE 


of sound, which occur within the normal range of P-R intervals and 
slightly beyond it, could be definitely related to movements of the mitral 
leaflets from a position near the closure to the opening. It will be noted 
that in each instance the transition period (sounds of intermediate 
intensity) 1s extremely brief. 

On the basis of what knowledge we have regarding the dynamic 
factors concerned in contraction, we are unable to account for the fact 
that in three of our cases (cases 1, 2 and 3) the first sounds remain 
relatively weak when the P-R intervals are long, whereas in two cases 
(cases 4 and 5) they assume the maximum intensity. It occurred to 
us that possibly the variable factors in these two groups of cases might 
also be the position of the mitral leaflets. 

The two patients who had maximum sound intensity with long P-R 
intervals were both children with presumably thin, pliable leaflets which 
might more readily float back toward a position of closure during the 
period of relative inactivity than the leaflets of the older patients. We 
have no evidence for this assumption, but no other reasonable explana- 
tion for these variations in sound presents itself. 

A moderate increase of sound intensity occurred regularly in four 
cases (cases 1, 2, 3 and 6) when ventricular electric systole preceded 
auricular systole by a few hundredths of a second. Obviously, these 
changes in sound must be the result of auricular contraction, but it does 
not seem reasonable to suppose that either change in position of leaflets 
or any change in the ventricular status could have been brought about 
by auricular systoles with this time relationship. It seemed to us, 
therefore, that there might be significance in the fact that as ventricular 
pressure was rising as a result of contraction, auricular pressure was also 
beginning to rise. These conditions could be expected to minimize 
regurgitation of pressure from the ventricles and thus favor a more 
rapid rise of intraventricular tension (and therefore a louder sound). 

It is fairly generally accepted, although not clearly established, that 
closure of the A-V valves furnishes a component of the normal first 
heart sound. It is necessary, therefore, to consider what part valve 
closure might play in the variations that have been described. No 
direct evidence can be furnished on this point. It would seem certain, 
however, that valve closures cannot contribute to the increase of the 
first sound, which was repeatedly observed when ventricular systole 
slightly preceded auricular. Furthermore, if variations in the valvular 
element of the first sound were important one would expect the loudest 
sounds when the beginning of ventricular systole found the leaflets 
widely open (permitting momentum to be acquired during closure) and 
the faintest sounds when the leaflets were already near a position of 
closure. If the results of Dean’s *° experiments on the time incidence 
of valve movements may be applied to the human heart, the ventricular 
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contraction. The penetrating researches of Wiggers ** in this field have 
lent some support to this view. It is generally appreciated that such 
factors as the thickness of the wall of the chest and the presence or 
absence of valvular defects must be discounted before significance is 
attached to the intensity or the quality of the sound. 

We wish to offer the suggestion that the duration of the auriculo- 
ventricular interval within the normal range may have importance in 
determining the character of the sound. This suggestion is strongly sup- 
ported by the evidence we have obtained in our cases of dissociated 
beating. Thus it is probable that the loud first sounds so frequently 
heard when the P-R intervals are short (approximately from 0.12 to 
0.15 second) owe part of their intensity, at least in some cases, to the 
proximity of the auricular and ventricular contraction. It is equally 
probable that in certain cases with longer P-R intervals (approximately 
from 0.18 to 0.21 second) the relatively weak first sound is affected by 
the length of the period between auricular and ventricular contractions.** 

We do not wish to stress unduly the importance of the auriculo- 
ventricular interval in determining the character of the first heart sound. 
It is only one of a number of factors involved, and under certain 
circumstances not well understood may vary or be entirely negligible 
(as was shown in case 1). Nevertheless, it is a factor that should be 
reckoned with, and failure to do so may vitiate clinical deductions based 
on the character of the first sound. 


SUMMARY 

1. A series of seven cases with varying auriculoventricular relation- 
ships all showed inequalities of the first heart sound which could be 
related to the lengths of the intervals between auricular and ventricular 
systoles. These time relations tended to be characteristic for each case, 
although the degree of inequality varied and exceptionally could not be 
recorded. 

2. The inequalities of sound are easily detected by auscultation and 
furnish a valuable clinical test of dissociated beating of the auricles and 
ventricles (complete heart block and ventricular escape). The absence 
of inequality of sound does not rule out the possibility of dissociated 
beating. 

3. In two cases (both having complete heart block) inequalities in 
the size of the pulse waves were recorded. When the amplitude of the 
waves recorded was compared with the lengths of intervals between 
auricular and ventricular systoles, a definite relation was revealed. In 

23. The evidence obtained in a study of the inequalities of the first sound of 
extrasystoles (to be reported) also points to the importance of As-Vs relations as 


a factor governing the intensity of the sound. 











both cases the curves showed similar time tions. In one equaliti 
in amplitude seemed to vary from day to day, and occasiona I 
differences could be recorded. In three other cases tracings of the 
pulse waves failed to reveal changes in the amplitude of tl s that 
could be related to the auriculoventricular intervals 

4. Simultaneous records of changes in the intensity « sound 
and amplitude of the pulse waves showed that either comparatively lor 
or faint sounds may be associated with comparatively large or small 
pulse waves. It was therefore concluded that while both types of 
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TREATMENT IN GENERAL PRACTI( By Harry Beckman, M.D., Professor of 
Pharmacology and Therapeutics, Marquette University Medical School. 
Price, $10. Pp. 899. Philadelphia: W. B. Saunders Company, 1930. 
This book is a comprehensive treatise of therapy written by a teacher of 
pharmacology and therapeutics for the student and general practitioner of medicine. 
[he author feels that, with few notable exceptions, the teaching of therapeutics 
is more or less neglected, usually consisting of a formal course of lectures to 
junior students, supplemented later by what little instruction may be given to 
senior students during hours in the clinic in the various departments. The latter 
usually rather sketchy “simply because in the (teacher’s) immersion in the 
task of acquainting the student with the prodigious methodology of modern diag- 
o time is left for an exhaustive consideration of the treatment of disease.” 
The book has been carefully edited, is printed in clear type on good paper 
stems, i. e., infectious and parasitic diseases, constitutional 


] 


and is arranged by sy 
allergy, cle ficiency diseases and metabolic disorders, diseases of 


diseases such as 
the gastro-intestinal tract, the respiratory, excretory, circulatory and nervous 
integument, followed by a consideration of drug addiction, poisons, 


systems and the 1 
burns, obstetrics and miscellany. 

To quote from the preface, “Therapy has been evolved out of the experience 
1 physicians all over the world. The true authors of the book, then, are those 
men and women whose names appear in the Bibliography. Whenever possible, I 
have presented their work in their own words, but often it has been necessary 
to abstract and condense. ” Each disease condition is defined, and there is a 
brief statement of the etiology, symptomatology and usual course, followed by 


a thorough discussion of therapy and prophylaxis. There are numerous prescrip- 
tions and tables, an extensive bibiiography and an index. This treatise should prove 


a valuable aid to the student and practitioner. 
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